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ABSTRACT

Twenty semi-trained subjects determined the effect of temperature on basic tastes
sweet, salty and sour. The sensory evaluations were performed on each basic taste and
on various combinations of the three tastes at serving temperatures 3, 23 and 60°C. A
single intensity level was used for all sensory evaluations and 3 replications of each panel
were performed. Results from the panels provided some evidence of temperature affect,
both when evaluated singularly and in combination.
The perceived intensity of some sweet and sour samples was affected by a change
in temperature. Sensing intensity of the salty samples was not significantly affected by
the temperature treatments. During the combination taste panels some statistically
relevant data was collected. The sweet/salty panel found the sweet component of the
combination was affected by some of the serving temperatures while the salty was not.
Temperature had an effect on the perceived intensity of the sweet component though not
across all serving temperatures, but not the sour when combined. For the sour/salty
combination, the sour portion was not significantly affected by temperature while salty
was in some temperature interactions. When all three solutions were combined, it was
the sour portion but not the sweet or salty that was affected by some temperatures. It is
interesting though; the statistically significant component of a combination was not
necessarily the stimuli perceived as the most intense by subjects. Regardless of the
combination, sucrose solutions were always perceived as the most intense and sodium
chloride solutions as the least.
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CHAPTER ONE
INTRODUCTION
The genesis of this project began in a home kitchen while making potato salad.
The potato salad was prepared and seasoned with salt to taste while still warm. The salad
was then chilled for several hours and re-tasted before serving. The salt level at the
colder temperature was found to be inadequate, and therefore more salt was added to
restore the flavor to its former satisfaction level. This seasoning discrepancy led to the
development of a sensory experiment that could potentially show the relationship
between basic tastes and basic taste combinations and serving temperature.
There are many instances when a food item is prepared at one temperature but
served and eaten at another. In addition to the potato salad mentioned above, there are
many common dishes that demonstrate this principle. In the instance of homemade ice
cream, it is often times prepared hot especially if using a custard-based recipe, then
frozen and eaten in a chilled state. Many desserts, such as fruit cobblers, lava cakes and
bread puddings, are produced at room temperature yet meant to be eaten warm. Meatloaf
is another example of a food where ingredients are mixed and seasoned while cold, yet
eaten hot out of the oven (Johnson & Wales University, 2003). How does this
discrepancy in preparation and serving temperature ultimately affect the flavor of the
food from a seasoning standpoint?
There are four basic tastes consisting of sweet, sour, salty, and bitter (Meilgarrd et
al., 2007). Although in recent years some have proposed a fifth basic taste called umami
or savory (Lawless & Heymann, 1998). While bitter is certainly an important basic taste,
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its use as a flavoring agent is much more prevalent in other parts of the world. For
example, spices such as Fenugreek, ajowan, and turmeric are characterized by bitter
flavors and are mainstays in the Middle East, India or Asia but less utilized in the U.S.
There are numerous other examples of cultures that readily incorporate bitter items into
their native dishes. Cassareep is a bitter/sweet syrup found in many dishes in the
Caribbean and Latin America, but utterly foreign to the American palate. While in
Southeast Asia and India, Karela or bitter melon, is a common ingredient in their local
cuisines. With the exception of coffee, tea, chocolate, and some types of beer, many
Westerners do not enjoy strong bitter tastes (Raghavan, 2007). As bitter is not a
prevalent flavor profile in the typical American diet, it was omitted from the study.
Consequently, this study focuses on just three of these tastes: sweet, sour, and salty.
Typical seasoning ingredients such as sugar, salt and lemon juice represent these basic
tastes in the kitchen.
The three temperatures, 3°C, 23°C and 60°C, used in this study are derived from
common serving temperatures. In accordance with food safety procedures, it is
recommended that foods remain out of the temperature danger zone of 5°C to 60°C.
According to the United States Department of Agriculture (2011) bacteria growth is most
prevalent between these temperatures and can result in contamination and food borne
illnesses. Any cold items such as salads of the vegetable or meat variety, certain desserts,
cold soups and condiments should be properly chilled or refrigerated at a temperature
below 5°C until just before serving. Hot food items such as entrées, soups, and some
appetizers should be heated and served at a minimum of 60°C. There are even some food
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items that are served at room temperature (23°C) such as cakes, cookies, cheese and
certain fruits (Johnson & Wales University, 2003). In addition to being a common
serving temperature, The Spectrum™ Descriptive Analysis Method: Basic Taste Intensity
Scales (Meilgarrd et al., 2007) used exclusively throughout this experiment’s training and
the sensory evaluations, was developed at room temperature.
Besides the three basic tastes previously mentioned, the study was also designed
to look at the relationship of basic tastes in various combination along with the
temperature treatments. While it is true that humans can only identify the tastes sweet,
salty, sour, bitter, and umami, these basic tastes are rarely found singularly in a food or
dish. It is much more likely for several basic tastes to be combined in a food item. For
instance, while a lemon meringue pie is certainly sweet, it also has an undeniable
sourness from the addition of the lemon. It is this combination of sweet and sour that
provides the pie’s unique flavor profile. Since this experiment was designed with the
culinarian in mind, sensory evaluation of basic taste combinations seemed a logical
extension of the basic taste and temperature study.
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CHAPTER TWO
LITERATURE REVIEW
Sensory Evaluation Defined
Sensory evaluation is defined as “a scientific discipline used to evoke, measure,
analyze and interpret reactions to those characteristics of foods and materials as they are
perceived by the senses of sight, smell, taste, touch and hearing” (Stone & Sidel, 1993).
No machine or piece of equipment has yet been designed that can evaluate these
sensations to the degree that human detectors are able. Sensory evaluation can produce
both quantitative and qualitative data depending on the type of tests and techniques used
to gather data and the purpose of the study (Meilgarrd, Civille & Carr, 2007).
Classification of Sensory Test Methods
There are three classifications of sensory test methods used for evaluation
purposes and can require different types of subjects. Discrimination tests generally
determine if a difference exists between two products. This type of sensory evaluation
produces analytical results. At the very least subjects should be screened for the
appropriate sensory acuity and oriented to the test methods used. Subjects participating
in discrimination tests are sometimes trained depending on the product. Descriptive
sensory analysis also produces analytical results and is used to determine how products
differ due to specific sensory characteristics. The subjects for descriptive evaluation are
not only screened for acuity, but also for their motivation to participate in the study.
Subjects used in descriptive analysis should always receive training. The length of
training is dependent on the nature and scope of the test, and also the product tested.
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Affective sensory evaluations deal more with product acceptance, preference or
likeability. Affective tests are hedonic evaluations, and so subjects may or may not be
screened for product use, but are otherwise untrained or screened in any way (Lawless &
Heymann., 1998).
Screening of Subjects
Screening of subjects is a necessity when using humans as a measurement
instrument for descriptive or discrimination sensory evaluations. The screening process
can help exclude individuals with difficulty detecting certain characteristics of a product
or trouble distinguishing between intensity levels. For descriptive analysis, screening
allows the facilitator to gauge potential subject’s interest in the study as well as
availability for training and sensory evaluations. These are all important factors in
creating a success-fully trained sensory panel (Meilgarrd et al., 2007).
Training of Subjects
Training subjects is perhaps the most important aspect of descriptive testing.
Without training, subjects would lack the tools and references necessary to provide
dependable data and results about the items or products in the study. A trained panel is
the result of a minimum of 40 hours of training and can require upwards of 120 hours of
training. The amount of training needed largely depends on the complexity of the
product to be evaluated and the aim of the study. Because of the length of time
necessary, sensory studies utilizing trained panels are considered long term, and present
their own unique set of obstacles. Long term studies are time consuming due to the
amount of training required and expensive as subjects are generally compensated for their
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time. Compensation also helps to maintain group moral during extended studies
(Meilgarrd et al., 2007 and Lawless & Heymann, 1998).
The Spectrum™ Descriptive Analysis Method: Basic Taste Intensity Scale and a
15cm line scale are often used as the foundation for training. The Basic Taste Intensity
Scale is a scale that contains the intensity values of basic tastes (sweet, salt, sour and
bitter) on a scale of 0 to 15, with zero being plain water and 15 eliciting an extreme
response to the stimulant. The Basic Taste Intensity Scale was created using trained
subjects who conducted repeated basic taste evaluations to determine the ratio of a basic
taste stimulant to water needed to produce a specific intensity level. The scale is a widely
used sensory standard for training subjects when implementing The Spectrum™
Descriptive Analysis Method (Meilgarrd et al, 2007).
The 15cm line scale is also a standard in sensory training and evaluations
(Meilgarrd et al, 2007). As 15 intensity levels are identified in the Basic Taste Intensity
Scale, this correlates perfectly to the 15 cm line scale. A sweet intensity level 5, which is
5% sucrose to water solution, would appear 5 cm from the 0 anchor on the 15 cm line
scale. This would be the case for a sour or salty intensity level 5 solution, the only
difference being the concentration of citric acid or sodium chloride used in the solutions
to evoke intensity level 5 responses.
Use of the Basic Taste Intensity Scale for reference and the 15cm line scale for
scoring, allows ample room on the line scale for observations of heated or cooled samples
that are perceived as less or more intense than a room temperature sample during the
evaluations. As noted in Sensory Evaluation Techniques (2007), individuals tend to
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gravitate towards the middle portion of a scale. This can potentially be a disadvantage if
the scale becomes distorted by subjects who only use the mid portion in the anticipation
of samples that they think might need a very low or very high score.
The main purpose of a triangle test is to determine if a difference detectable on a
sensory level exists between two samples. Triangle tests can prove more statistically
sound than duo-trio and paired comparison sensory test methods as long certain
limitations are kept in mind. Triangle tests may not be the best option for products that
have high instances of carryover, adaptation and sensory fatigue. Triangle tests are most
effective when used to determine if changes in ingredients, processing, packaging and
storage result in sensory differences that are detectible by the consumer. Triangle tests
can also be used to determine whether an overall difference is present when no difference
for specific attributes has been identified. This type of test is also highly useful in
selecting and monitoring sensory evaluation subjects for their ability to discriminate
given differences (Meilgarrd et al., 2007).
Instant feedback is suggested and encouraged when training subjects for sensory
evaluations. This instant feedback is meant to enhance training and also to provide
encouragement and motivation to the subjects. In short, it causes individuals to strive for
improvement (Meilgarrd et al., 2007). It is a widely used training tactic and is noted in
many sensory study articles by Rosemary Pangborn, a highly respected researcher in the
sensory field (Pangborn, 1961; Pangborn, 1962; Pangborn & Chrisp, 1964; Pangborn &
Trabue, 1964).
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Practice sessions should be incorporated into training in an effort to prepare
subjects for the format and objects of the sensory evaluations and also enable the subjects
to apply the principles learned during training (Hootman, 1992; Chambers & Wolf,
1996). Practice sessions should conclude with a discussion between subjects and the
panel leader to identify any problems that arise. If any issues come to light then they can
be resolved well before subjects begin the formal evaluation process. These practice
sessions as well as repetition are crucial for developing a sensory panel that can be used
as a reliable measurement instrument (Meilgarrd et al., 2007).
Basic Taste Aqueous Solutions and Temperature
Literature suggests temperature has some affect on the perception of sweetness
produced by sucrose/water solutions. The studies reviewed show that as the temperature
of samples increased, so too did the intensity of the perceived sweetness. However, it
was also found that once solutions reached certain concentrations the effect was
incidental. As multiple study variables were present, it is difficult to determine how
factors such as training or lack thereof, multiple sucrose concentrations, rating methods
and temperatures used could contribute to the results.
Bartoshuk, Rennert and Stevens (1982) performed a study on the effect of
temperature on perceived sweetness of sucrose. An untrained panel of 10 subjects, male
and female, tested a range of temperatures, 4, 12, 20, 28, 36 and 44°C, using the sip and
spit method of evaluation. Subjects were permitted to evaluate 7 unspecified
concentrations of commercial grade sucrose, at the temperatures mentioned, using
modulus normalization. Two trials were performed, and each trail was composed of 43
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samples (the seven concentrations at the six different temperatures). The authors
concluded the perceived sweetness of sucrose depends both on temperature and
concentration. The data showed solutions of lower sucrose concentrations were
perceived as sweeter as temperature increased. It was also found that as the
concentration of solution increased, the temperature effect was less pronounced and
eventually became negligible at a concentration of 0.5 M.
A similar study by Calvino (1986), testing the relationship between perceived
sweetness of sucrose on temperature and concentration produced comparable results.
Ten subjects, both male and female with some simple taste test experience, were used to
evaluate the effect of temperature on sweetness intensity. The subjects assessed 5
commercial grade sucrose solutions in the concentration ranges of 0 091-1.462 M, 0 0910 366 M and 0 366-1.462 M, at temperatures 7, 37 and 50°C, using the sip and spit
technique. Two trials consisting of 15 samples were presented to subjects. The samples
were rated using magnitude estimation without the use of a specified modulus. As with
the previous study, subjects evaluated colder samples as less sweet than warmer samples,
and also found the rate of sweetness growth increased as temperature decreased.
However, this latter effect was again found inconsequential when the concentration of
solution reached 0.4 and 0.5 M.
A trained panel of 18 females and males were used to conduct research by
Schiffman et al. (2000) on the effect of temperature on sweet taste. Concentrations of
2.5, 5, 7.5 and 10% sucrose solutions were tested at temperatures 6 and 50°C while using
room temperature (22°C) references at the same concentrations. Subjects used a sip and
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spit method to evaluate and rank the perceived sample intensity on a 15cm line scale with
anchors at every 1.5 cm. The subjects indicated that sucrose was perceived as less
intense at the cold temperatures and at the lower concentrations. There was an increase
in perceived intensity of hot 10% sucrose concentrations over the cold, though subjects
rated this change lower than the researches expected. One instance was noted where
subjects perceived a cold temperature sample as more intense than a hot sample. This
occurred when subjects evaluated the 7.5% sucrose solution sample.
When researchers studied the effect of temperature on sodium chloride solutions
results were mixed. One study found a linear relationship between perceived intensity
and temperature while another produced a U-shaped curve of geometric threshold means
at each temperature. As the specific concentrations used in the threshold study are
unspecified and the training varied so greatly it is difficult to form any conclusions
between the two studies.
Pangborn, Chrisp and Bertolero (1970) conducted a study using 8 highly trained
subjects (female and male), to determine the perceived intensity of reagent grade sodium
chloride (NaCl) solutions at temperatures 0, 22, 37 and 55°C. The 8 NaCl solution
concentrations (0.04, 0.08, 0.16, 0.24, 0.32, 0.40, 0.52 and 0.64%) were presented for
evaluation of temperature-dependence and were rated on a scale of 0 (not salty at all) to 9
(extremely salty). Subjects were instructed to use a sip and spit method with a mandatory
rest period of 30 seconds between samples. A total of 81 replications were completed to
gather intensity averages for each concentration and temperature treatment. The results
indicate the perceived sample intensity had a linear relationship with increased solution
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concentration at the four designated temperatures. Ultimately, perceived intensity was
changed minimally by temperature and the results showed no significance for the
interaction of temperature and concentration.
In a study by McBurney, Collings and Glanz (1973) a total of 7 female and male
subjects tested the dependence of temperature on NaCl thresholds using a forced choice
method. Some subjects had prior experience with taste studies, while others had no
formal sensory evaluation experience. The unspecified reagent grade NaCl solutions
were prepared in 1/10th log steps, and presented at 6 different temperatures (17, 22, 27,
32, 37 and 42°C), with one temperature treatment per day. The threshold geometric
means for NaCl showed little variation between 22 and 32°C and were rated as higher at
17, 37 and 42°C. This produced an unusual U-shaped curve when mean threshold values
were plotted at each temperature.
To ascertain the effect of temperature on the taste sensitivity of thresholds for
citric acid, Powers, Howell, Lillard and Vacinek (1971) conducted a study using
temperatures 2, 20.5 and 41°C. Threshold ranges were established individually for the 5
male subjects using solutions comprised of 0.000025% reagent grade citric acid (mol wt.
192 12). Subjects were of an indeterminate sensory experience level and participated in a
series of 3 trails. The authors found the threshold was higher for each subject at the
coldest temperature treatment of 2°C. When comparing the threshold values for 20.5 and
41°C, the lowest threshold was generally indicated at 20.5°C by subjects. However, it is
important to note, that while temperature was found to significantly affect the threshold
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response of all subjects, a distinct judge-temperature interaction was identified. The
optimum in terms of threshold for each judge was not always the same temperature.
A study by Paulus and Reisch (1980) researched the effect of temperature on the
four basic tastes sweet, salt, sour and bitter. The authors used 19 subjects (female and
male) with prior sensory assessment experience, to evaluate recognition thresholds. The
solutions for the determination of recognition thresholds were prepared with 0.5, 1.0, 2.0,
4.0, 8.0 and 16 grams of sucrose, 0.093, 0.185, 0.375, 0.75, 1.5 and 3.0 grams of NaCl,
and 0.031, 0.062, 0.125, 0.25, 0.5 and 1.0 grams of citric acid to 1 liter of distilled water.
Four trials were carried out for each reference and each temperature (10, 20, 40 and
60°C) for these three basic tastes, as well as caffeine and quinine hydrochloride for bitter.
The study subjects determined the recognition threshold for sucrose was the lowest at
temperatures 20 and 40°C, saw increased significantly at 60°C and increased slightly at
10°C. For NaCl, there was a more linear interaction between recognition threshold and
temperature, with a slight increase between 10 and 20°C, a more pronounced increase at
40°C, and no information was available at 60°C. With citric acid the threshold increased
minimally between 10 and 20°C, and decreased at 40°C to nearly the same threshold
value found at 10°C. Recognition threshold value was highest at 60°C but none of these
increases or decreases was significant.
Basic Taste Interrelationships in Aqueous Solutions
Ten highly trained subjects, both female and male, participated in a study by
Pangborn (1962) to determine the interrelationship of sucrose solutions (0.75, 2.25, 6.75
and 20.25%) and NaCl solutions (0.12, 0.36, 1.08 and 3.24%) served at ~70°F. Ten
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replications of each sample were obtained for a subject over the course of sixteen days.
The addition of sucrose suppressed saltiness at the three higher concentrations (0.36, 1.08
and 3.24%) while no affect was found on saltiness at the lowest concentration (0.12%).
The perceived sweetness of the two lower sucrose concentrations (0.75 and 2.25%) was
enhanced by the addition of NaCl at all three concentrations. However, the higher
concentrations of sucrose (6.75 and 20.25%) were suppressed by all concentrations of
NaCl. The 20.25% was suppressed the most, while 6.75% was only slightly suppressed.
Rosemary Pangborn (1961) conducted a study on the relationship between
suprathresholds of sucrose and citric acid, using 9 subjects (male and female) who were
able to detect small differences in concentration in paired sucrose/citric acid solutions.
Subjects were presented with various concentrations of sucrose and citric acid in both
single and paired samples at room temperature for evaluation. Samples were scored on
taste intensity using a nine-point scale anchored with terms such as none, slight,
moderate, strong and extreme. The results for the single-sample presentation showed all
concentrations (0, 0.007, 0.023 and 0.073%) of citric acid suppressed the perceived
intensity of sucrose at all concentrations (0.5, 1.8, 5.8 and 20.0%). The interpretation of
the pair-sample presentation using the same concentrations above plus additional sucrose
(1.0, 2.0, 5.0, 10.0 and 20.0%) and citric acid (0, 0.005, 0.010, 0.020 and 0.040%)
concentrations provided a bit more insight. Citric acid suppressed the sweetness of
sucrose at the lower concentrations than at the higher sucrose concentrations.
McBride and Finlay conducted a study of citric acid and sucrose mixtures (20°C),
comparing the findings of a trained verses untrained panel evaluating total intensity,
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sweetness and acidity. The experienced panel consisted of 14 subjects who had a mean
duration of 9 years sensory evaluation experience, while the novice panel was made of 30
subjects with no prior sensory evaluation experience. Concentrations of sucrose used in
solution were 0.0, 0.08, 0.172, 0.371 and 0.8 M and for citric acid 0.0, 0.002, 0.006,
0.017 and 0.05 M. All subjects rated 25 stimuli on solution intensity, sweetness and
acidity, each on a 150 mm scale anchored with no taste (sweetness or acidity) at all,
moderate (moderately sweet or acid), and extremely strong (sweet or acid) during two
replications. Both the novice and experienced subjects determined the solution intensity
was perceived as similar to the intensity of the dominant stimuli. When evaluating
sweetness both experience levels found that as the concentration of citric acid was
increased, the perceived sweetness was suppressed. Upon evaluation of acidity, both sets
of subjects found the perception of acidity was suppressed more by the addition of
sucrose. However, the novice panelists indicated the acidity was more suppressed by
sucrose than the experienced panelists.
Thirty novice subjects were used to determine the perception of sucrose-citric
acid taste mixtures in another study by McBride and Finlay (1990). The solutions were
prepared with reagent grade chemicals and contained various concentrations of sucrose
(0, 0.172 or 0.8 M) and citric acid (0, 0.006 or 0.05 M). The samples were served at
20°C for all evaluations. During two replications subjects evaluated the mixtures using
150mm rating scales where they rated intensity using anchors “no taste at all”,
“moderate” and “extremely strong”; sweetness with anchors “no sweetness at all”,
“moderately sweet” and “extremely sweet”; and acidity with corresponding anchors “no
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acid at all”, “moderately acid” and extremely acid”. The total intensity ratings were
determined by the intensity of the stronger component in that mixture. When rating
sweetness, it was found that only the highest concentration of citric acid suppressed the
sweetness of sucrose. Similar results were found when subjects rated the acidity of the
mixtures. The highest level of sucrose in the solution was determined to suppress the
acidity of citric acid indicating that sucrose and citric acid mixtures mutually suppressed
one another depending on rating criteria.
Another citric acid/sucrose mixture study from Schifferstein and Frijters (1990)
used 13 subjects both female and male with psychophysical scaling method experience.
The study consisted of 3 investigations (total intensity, sweetness and sourness) on 18
experiments or pairs. Solutions consisted of various concentrations of both sucrose (0,
0.125, 0.250, 0.500 and 1.000 M) and citric acid (0, 0.00125, 0.0025, 0.005, 0.010 M).
Subjects used a 250mm analog scale where the middle of the scale was anchored with
“the first and second stimulus are equal with respect to perceived sweetness (or sourness
or total taste intensity) intensity”, and were instructed to place a tic mark on the left side
of the scale if the first stimulus was perceived sweeter (or sourer or more intense). The
subjects placed a tic mark on the right side of the scale if the second stimulus was sweeter
(or sourer or more intense). The left and right ends of the scale were anchored with
“maximum difference”, which was defined as the difference in sweetness intensity (or
sourness or total intensity) between the two stimuli in the reference solution. The
subjects determined citric acid did suppress the perceived sweetness of sucrose and in
turn, sucrose suppressed the sourness of citric acid. The effect of the two stimuli on
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perceived sweetness or sourness was asymmetrical. The suppression of citric acid in
solution was dependant on both the concentration of the citric acid and sucrose, while the
sweetness suppression of sucrose was only dependant on the concentration of citric acid.
Pangborn and Trabue (1967) looked at the interaction of salt-acid mixtures twofold. First was the effect of citric acid on the perceived saltiness of NaCl and then the
effect of NaCl on the perceived sourness of citric acid. Fifteen subjects, both male and
female, were selected to participate based on their ability to detect low concentrations of
NaCl and citric acid in aqueous solutions. All solutions were prepared with reagent grade
product and different percentages of NaCl (0.05, 0.15, 0.45 and 1.35%) and citric acid
(0.005, 0.0125, 0.0313 and 0.078%) were compared in solutions served at 20°C. For
testing purposes the paired comparison method with constant stimulus was used. In
solution it was found that higher concentrations of citric acid suppressed saltiness while
the lower concentrations enhanced saltiness. However, NaCl had an overall suppression
effect on the perceived sourness of citric acid. The higher concentrations of citric acid
were suppressed the most with the two lowest concentrations showing a slight initial drop
in perceived sourness.
A study on the relationship of citric acid and NaCl in solution using various
concentrations was conducted by Wise and Breslin (2011) using 16 subjects (female and
male) who with the exception of taste acuity screening, received no training. The
concentrations used for citric acid were 1.67, 5 and 15 mM and for NaCl 130, 280 and
500 mM. Subjects participated in approximately 4 trials and evaluated solutions served
at room temperature, of each paired concentration using a sip and sip method. Using a
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117mm magnitude scale with anchors “barely detectable”, “weak”, “moderate”, “strong”,
“very strong” and “strongest imaginable sensation” subjects rated the perceived intensity
of both citric acid and NaCl in the solution. These results indicated the addition of NaCl
suppressed the perceived intensity of citric acid when compared against the perceived
intensity of the same concentrations of citric acid alone.
Basic Taste Interrelationships in Other Media
After much research on the interrelationships of basic tastes combined in aqueous
solutions, Pangborn progressed to similar studies using different media. In one such
study, Pangborn and Trabue (1964) focused on taste interrelationships of sucrose, citric
acid and sodium chloride in lima bean purée. Thirteen subjects (female and male), with
at least a years worth of basic taste aqueous solution experience, evaluated paired
comparisons with a constant stimulus at a range of 165-170°F using the sip and spit
method. Multiple concentrations of sucrose (0.2, 0.3, 0.4, 0.6, 0.8, 1.2, 1.6, 2.4 and
3.2%), citric acid (0.025, 0.035, 0.05, 0.07, 0.10, 0.14, 0.20, 0.28 and 0.40%) and NaCl
(0.03, 0.05, 0.06, 0.10, 0.12, 0.20, 0.25 and 0.40%) were used in various combinations.
When determining the effect of sucrose on the sourness of citric acid, the subjects
found the addition of sucrose suppressed the perceived sourness of the citric acid in the
purée. As the sweetness concentration was increased, the perceived sourness of the
sample decreased. The effect of citric acid on the sweetness of sucrose was evaluated
and all concentrations of sucrose were depressed by the acid, though the two highest
citric acid concentrations suppressed sucrose slightly more than the two lower
concentrations of acid.
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Subjects found the effect of sucrose on the saltiness of NaCl to be suppressive as
well. The two highest sucrose concentrations (0.8 and 1.6%) used in the study decreased
all concentrations of NaCl, although the lowest concentration was the least influenced.
However, when the effect of NaCl on the sweetness of sucrose was analyzed, the lowest
concentrations of NaCl were determined to enhance the perceived sweetness while the
two highest suppressed it.
The portion of the study on effect of citric acid on the saltiness of NaCl produced
a division among the judges. Slightly more than half of subjects determined the citric
acid suppressed the perceived saltiness of NaCl. Inversely, the other subjects found citric
acid enhanced the saltiness of NaCl. The findings of the minority of subjects actually
carried more weight statistically so the overall effect was enhancement. When evaluating
the effect of NaCl on the sourness of citric acid, the subjects found NaCl decreased the
perceived intensity of citric acid at all concentrations.
Pangborn and Chrisp (1964) carried out a very study very similar to the previous
one except using canned tomato juice as the media. Again 13 panelists were used though
gender breakdown, training and/or experience is not known, and it is not specified if
these were the same participants from the previous study. Subjects evaluated reagent
grade sucrose, citric acid and NaCl in various concentrations in room temperature tomato
juice with no additives. With the exception of 3.2%, all the other sucrose concentrations
from the former study were used here. The concentrations of citric acid were 0.01, 0.015,
0.02, 0.04, 0.045, 0.08, 0.135, 0.16% and concentrations of NaCl were 0.02, 0.04, 0.05,
0.08, 0.10, 0.16, 0.20, 0.32, 0.40, 0.48, 0.80, 1.44 and 1.60%. The samples were
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presented as paired comparisons with a constant stimulus and subjects were instructed to
evaluate samples using the sip and spit method of tasting. In general, the findings of this
study were very similar to those of the lima bean purée. The major difference being that
subjects in this study found citric acid enhanced the saltiness of NaCl.
Gender Effect on Basic Taste Intensity Perception
To determine gender effect on subjects’ ability to assess the intensity of basic
tastes Michon, O’Sullivan, Delahunty and Kerry (2009) recruited187 female and 87 male
consumers. For the intensity assessment, four concentrations of each basic taste: sweet
(3.2 x 10-3 M, 1.0 x 10-2 M, 3.2 x 10-2 M and 1.0 x 10-1 M), salty (3.2 x 10-3 M, 1.0 x 10-2
M, 3.2 x 10-2 M and 1.0 x 10-1 M), sour (6.3 x 10-4 M, 1.3 x 10-3 M, 2.5 x 10-3 M and 5 x
10-3 M) and bitter were presented at room temperature. Subjects rated the strength of
each stimulant on a 150 mm magnitude scale anchored from 0 (none detectable) to 150
(strongest imaginable). Females rated the two highest citric acid solution concentrations
as more intense than males. The highest concentration was scored eight points higher by
females, while the next to highest, or third concentration, was rated four points higher.
Both resulted in p-values that were significant when p=0.01 for the third concentration
and p=0.001 for the highest concentration. Females rated the highest concentration of
sucrose approximately 6 points higher than males which was significant with p=0.03. No
significant gender difference was identified for salty ratings.
Statement of the Problem
While research has provided some evidence of the relationship between
temperature and basic tastes, it has not been studied from a culinary point of view. The
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vast majority of previous research was conducted at temperatures other than the typical
serving temperatures identified in this study. These other temperatures might have had
relevance for the scope of those studies; they were not necessarily conducive to the
objectives of this project.
Another common issue with prior research was the inconsistency of subject
training. Many studied collected data using an untrained panel and so these research
results could be considered less than reliable. Some studies did utilize subjects with
some taste experience or training, but often the mode of training or experience was
unspecified and therefore its validity might come into question. In some instances,
different studies researching the effect of temperature on the same basic taste, used data
gathered from subjects with different levels of experience and training, and produced
conflicting results.
Previous research used multiple concentrations of basic taste solutions. The use
of varied concentrations of basic taste solutions, in conjunction with various
temperatures, leads one to wonder if the perceived effect is purely the result of
temperature. In many studies higher concentrations were shown to effect perceived
sweetness, saltiness etc. in a different way than solutions at lower concentrations.
Studies abound dealing with the interrelationships of basic taste stimuli in
combination. However, the author is not aware of any published research that analyzes
the effect of temperature on basic taste combinations. As with single basic taste solutions
and temperature studies, the combination research utilizes varying concentrations of each
stimulus in the solutions. Additionally no research was located evaluating the
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interrelationship of more than two basic tastes in combination. This research stands to
contribute useful data about the relationship of temperature and perceived intensity of
basic tastes to chefs working with the commercial formulation and development of food
products. A better understanding of how temperatures influence the finished product
could help streamline the product development process. In addition, because none has
been previously published, the results concerning the affect of temperature on basic taste
combination solutions could provide significant data to the sensory and consumer science
field at large.
The objectives of this study were:
1. To determine affect of serving temperature by human detection on intensity of
individual sweet, salty and sour tastes.
2. To determine affect of serving temperature by human detection on intensity of
combinations of the sweet, salty and sour tastes.
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CHAPTER THREE
ABILITY OF SUBJECTS TO DISTINGUISH BETWEEN TASTE INTENSITIES
AND BIAS OF INTENSITY ESTIMATION DUE TO GENDER AND
PRESENTATION ORDER DURING SENSORY TRAINING
METHODS
Introduction
Though sensory evaluation is a science, it is one that relies on human detectors to
measure and analyze foods and materials based on the 5 senses to produce data that is
both quantitative and qualitative (Stone & Sidel, 1993). Humans as measurement
instruments can vary over time and among themselves and therefore must be selected and
trained to ensure reliable results for descriptive evaluations. Initial screening is necessary
for the selection of subjects to ensure those participating display sensitivity to and the
ability to detect the characteristics of the product. Training should be designed so
subjects fully understand the objectives of the project and are able to recognize the
sensory attributes associated with the study with relative ease. So that subjects may
produce dependable results they must be trained and retrained and the sensory analyst
must be aware of their sensitivity and any biases associated with the product (Meilgaard
et al., 2007). The objective of this chapter is to provide the materials, methods and
results of the sensory training, and also its effectiveness based on such parameters as
intensity measurement, repeatability, and reproducibility.
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Taste Stimulants
Ingredients used for the three basic taste stimulants were food grade sucrose,
sodium chloride (table salt without iodine) and citric acid. Sucrose and sodium chloride
were private label brand obtained from Wal-Mart SuperCenter (Wal-Mart Stores, Inc.,
Bentonville, AK, U.S.A.). Citric acid (NOW® Foods, Bloomington, IL, U.S.A.) was
used as the sour taste stimulant.
Solutions
All solutions used during screening, training, and sensory evaluations were
prepared by weight using a Mettler PC 2000 balance (Mettler-Toledo International Inc.,
Columbus, OH, U.S.A.). Solutions were comprised of the food grade stimuli in solution
with bottled water (Diamond Springs Water, Richmond, VA, U.S.A.). A quality report of
the bottled water is available (Diamond Springs, n.d.) (Appendix A). Screening solutions
for the Basic Taste Acuity and Intensity Ranking Tests were prepared using the
concentrations outlined in the Guidelines for the Selection and Training of Sensory Panel
Members, ASTM STP 758 (1981). Solutions used during training were prepared using the
concentrations provided in the Basic Taste Intensity Level Spreadsheet (Table 3.1). This
spreadsheet was created based on standards of percentages for certain basic taste intensity
levels in Sensory Evaluation Techniques (Meilgarrd et al., 2007).

Recruiting
Subjects recruited for the study were faculty, staff, and students from Clemson
University aged 18 to 65 in good health, i.e. no individuals with diabetes, hypoglycemia,
hypertension, dentures, chronic colds or sinusitis. Subjects were recruited by email
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(Appendix C) and through personal communication. Twenty-seven individuals, 18
female and 9 male, meeting the age and health requirements, were scheduled to complete
the screening process before moving on to the training portion of the experiment.

Table 3.1 Basic taste intensity level table with stimulant weights to 1 liter of bottled
water needed to achieve each of the 15 intensity levels.

Grams

Intensity Level
Ingredient

1

2

3

4

5

6

7

Bottled Water

1 liter

1 liter

1 liter

1 liter

1 liter

1 liter

1 liter

Sucrose

10g

20g

30g

40g

50g

60g

70g

Citric Acid

0.4g

0.5g

0.6g

0.7g

0.8g

0.94g

1.08g

Sodium Chloride

0.4g

1.5g

2.3g

2.9g

3.5g

3.92g

4.34g

Grams

Intensity Level
Ingredient

8

9

10

11

12

13

14

15

Bottled Water

1 liter

1 liter

1 liter

1 liter

1 liter

1 liter

1 liter

1 liter

Sucrose

80g

90g

100g

112g

124g

136g

148g

160g

Citric Acid

1.22g

1.36g

1.5g

1.6g

1.7g

1.8g

1.9g

2.0g

Sodium Chloride

4.76g

5.15g

5.45g

5.75g

6.05g

6.35g

6.65g

7.0g

Screening
Solutions used for screening were prepared at least 12 hours before the day of use
to allow ample time to equilibrate. The solutions were not kept in excess of 96 hours.
Solutions were stored in Ball® glass mason jars with plastic screw top lids (Jarden Home
Brands, Daleville, IN, U.S.A.) and refrigerated when not in use. The day of screening,
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solutions were removed from the refrigerator and allowed to equilibrate at temperature
(23°C) before distribution. All temperatures were verified with a -20~110°C mercury
thermometer (Barker Diagnostics Inc., Deerfield, IL, U.S.A.). Solutions were dispensed
into 4oz plastic portion cups with lids (Solo® Cup Co., Urbana, IL, U.S.A.) affixed with
predetermined 3-digit code numbers to the corresponding basic taste or basic taste
concentration using a Chempette® II Dispenser (Cole-Palmer® Instrument Co., Vernon
Hill, IL, U.S.A.).
During screening, subjects were given further information regarding the study and
the time requirements, via personal communication and information letter (Appendix D).
The subjects signed a standard consent form (Appendix E) and were asked to complete a
demographic information form (Appendix F). Subjects were also given a questionnaire
(Appendix G) to determine their availability, schedule, health, eating habits, and contact
information (Meilgarrd, et al., 2007). For screening purposes, the subjects were asked to
take part in a Basic Taste Acuity Test (Appendix H), as well as an Intensity Ranking Test
(Appendix I) (Hootman, 1992; Wheeler, Hoersch, Mahy & Kleinberg, 1981). A Scaling
Exercise from Sensory Evaluation Techniques (2007) (Appendix J) was given to gauge
how well the subjects could evaluate a sample using a line scale. A score of at least 60%
was required on the Scaling Exercise for participants to continue in the program. Sensory
Evaluation Guidelines were given to ensure awareness of proper sensory conduct
throughout the duration of the study (Appendix K) (Meilgarrd, et al., 2007).
The Basic Taste Acuity Test consisted of 5, 30mL room temperature samples of
the basic tastes used in this study. The sample set was made up of 1, 2% sucrose
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concentration, 1, 0.2% sodium chloride concentration, 2, 0.07% citric acid
concentrations, and 1 water blank. The samples were assigned 3-digit code numbers and
presented to subjects in a random order. Water (Diamond Springs Water, Richmond, VA,
U.S.A.), unsalted crackers (Wal-Mart Stores, Inc., Bentonville, AK, U.S.A.), and 10 oz
Styrofoam expectorant cups with lids (Dart® Container Corp., Mason, MI, U.S.A.) were
provided for palate cleansing and disposal of samples. Subjects were instructed to taste
each of the 5 samples and determine if the sample was sweet, salty, sour or none.
Subjects were allowed to go back and re-taste any of the samples if necessary. A score of
at least 80% was required for the Basic Taste Acuity exercise to continue onto the
training portion of the study. Subjects were provided their scores before the conclusion
of the screening process (Wheeler et al., 1981).
The Intensity Ranking Test involved 9, 30mL room temperature samples, or 3
different concentrations of each sweet, salty and sour. The 3 sweet concentrations were
1, 2, and 4% sucrose solutions. The salty samples consisted of 0.1, 0.2 and 0.4% sodium
chloride concentrations. The sour sample set included 0.035, 0.07, and 0.14% citric acid
concentrations. These samples were assigned 3-digit code numbers and were
randomized. An example of how the Intensity Ranking Test could have been presented
to subjects (Figure 3.1). Subjects were provided with water, unsalted crackers and
expectorant cups for palate cleansing and disposal of samples. Subjects were instructed
to taste samples from left to right, record the basic taste on the score sheet, and rank the 3
samples of that basic taste from weakest (1) to strongest (3). Subjects were allowed to go
back and re-taste any samples within the row, but could not move onto the next basic
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taste until that sample set was scored. As with the Basic Taste Acuity, a score of at least
80% was required for the Intensity Ranking Test, and scores were given before the
subject exited the screening process (Wheeler et al., 1981).

Figure 3.1 Example of intensity ranking test presentation to subject.

Salty

Sour

Sweet

0.4

0.1

0.2

0.035

0.14

0.07

1.0

4.0

2.0

1. Numbers within the cups represent the concentration of the solution.

Of the 27 people screened for the study, 23 were invited to advance to the first set
of basic taste training. The 4 subjects, 3 female and 1 male, excluded from the study
were due to various reasons such as low screening scores, scheduling conflicts and
health-related issues.
Training
Subjects in this study received at most 18 hours of basic taste training and were
therefore considered a semi-trained panel as opposed to a fully trained panel. The study
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subjects were compensated for their time during training by receiving homemade treats
once a week for each week of training.
Before training began, a singular intensity level was selected for use during the
sensory evaluation phase of the study. This intensity was neither divulged to the subjects,
nor were they informed only one intensity would be used in the sensory evaluations.
Preliminary tests conducted before implementation of the study, along with published
information, prompted the selection of intensity level 6 for use in all of the three basic
taste and taste combinations used in the sensory evaluations. By using this specific
intensity level and adjusting only the temperature of the solutions, the intent was to
exclude other factors that could influence the data collected.
As repetition was the cornerstone of the basic taste training, it was imperative to
incorporate the intensity 6 as often as possible. The intensity level 6 was not only used as
unknown samples during training, but often as references and in all triangle tests. The
intensity level 6 was reiterated so rigorously, it was necessary to assigned multiple code
numbers to ensure subjects did not form a specific code number/intensity association.
The solutions used for training were prepared using the stimulant to water ratios
provided in the Basic Taste Intensity Level Spreadsheet. The solutions were stored in the
same manner as outlined in the screening section. To ensure the intensity levels were
unknown to subjects, all solutions were given 3-digit code numbers for use during
training. The list of solutions, their intensity and the corresponding code numbers were
kept in a secure location.
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Training was scheduled on Tuesdays, Wednesdays and Thursdays at 11:00 A.M.,
2:00 P.M., and 4:00 P.M. in a Focus Group Room, for a total of 10 weeks. Subjects were
given the option of attending one of the three daily sessions in order to accommodate
varied and ever changing schedules. Make-up sessions were provided on an as needed
basis to ensure that subjects were able to attend at minimum 80% of each basic taste
training set. Ten days of training were spent on each basic taste with each session lasting
between 30 and 45 minutes. The total number of training hours for each subject was
approximately 18 hours, or 6 hours per basic taste. The basic taste training schedule was
presented in the following order: sweet, salty, and sour.
To ensure privacy, subjects were assigned panelist numbers on the initial day of
training to be used throughout the duration of the study. All data collected from both
paper and computerized ballots would be compiled under these panelist numbers. A
master list of subjects and corresponding numbers were kept in a secure location.
The proper procedures for tasting and disposing of samples was also outlined and
demonstrated on the initial training day. Subjects were instructed to drink a sip of bottled
water before tasting a sample. Next to take a normal sized sip of the sample, holding it in
their mouths approximately 4 seconds, after which they would expectorate into the 10 oz
Styrofoam cup provided, and replace the lid. Before moving onto the next sample,
subjects were instructed to consume a portion of an unsalted cracker and then cleanse
their palate with more bottled water. No mandatory wait time was enforced between
samples beyond the steps in the tasting procedure. This procedure was to be followed
every time a subject tasted a sample throughout the remainder of the study.
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The introductory day of training also included an explanation and demonstration
of The Spectrum™ Descriptive Analysis Method: Basic Taste Intensity Scales and its
correlation to a 15cm line scale (Figure 3.2). Subjects were given multiple examples of
how specific basic taste intensities would be measured on a 15cm line scale (Meilgarrd,
et al., 2007). They were also provided with recommendations on how to use the line
scale with accuracy. To overcome any potential bias that might result from subjects
using only the mid portion of the 15cm line scale, it was necessary to familiarize subjects
with all intensity levels (1-15) of each basic taste. This was accomplished during training
by allowing subjects to taste all 15 intensities of each basic taste, and also by removing
all anchors except for 0 and 15 from the line scale.

Figure 3.2 15cm line scale with anchors.

0

15

With a few minor exceptions which have or will be discussed, all basic taste
training sets were set up in the same manner. The first 3 days of each training set focused
on the intensity levels 1 to 15 of that specific basic taste. The 15 intensities were
presented in the form of 5 samples from the low, mid, and high intensity sections on one
of the first three basic taste training days. The order of each 5 intensity sample set was
randomized over the 3 days. Score sheets complete with 15cm line scales were presented
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each of these 3 days so subjects could familiarize themselves with the location of a
specific intensity on the 15cm line scale and practice line scale estimations.
Training days 4 through 10 focused on repetition and identification of unknown
sample intensities. This was carried out by providing subjects with one or two reference
samples that were either identified by intensity or their location on the 15cm line scale.
Subjects were instructed to taste the reference(s) first before moving onto a randomized
set of unknown samples. They were to taste the unknown samples from left to right, one
at a time, and try to identify the intensity. Since it would not be permitting during the
sensory evaluations, going back to re-taste a sample after moving onto another was
prohibited. Subjects were instructed to indicate the perceived intensity by drawing a tic
mark on the corresponding 15cm line scale on the provided ballot. Paper ballots for
training were designed so that subjects could record samples in the order in which they
were tasted by the individual, write the intensity they determined a sample to be, and then
using a tic mark indicate the intensity on the line scale. This evaluation process was
repeated for each sample in the training set. A sample of a paper ballot used during
training is provided (Appendix L).
To provide that important instant feedback, subjects were informed of the actual
intensity of all unknown samples at the end of training. They were instructed to re-taste
any samples incorrectly identified. When all actual intensities were revealed and all
samples re-tasted, rulers were distributed. This exercise enabled subjects to verify how
accurately they estimated the location of a sample on the line scale. Instant feedback was
an advantage in this study because if a subject had inaccurately identified the intensity of
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a sample, but the tic mark they drew on the line scale was very close to their intended
target, they could still have a positive attitude towards their performance. By recording
the accuracy of their tic marks to the intended target, it could help potentially dispel any
question that the results of the study were skewed by the inexactness of a subject’s line
scale estimations.
Triangle tests were presented to subjects on days 2, 5, 8, and 10 of each basic
taste training set, in addition to the reference(s) and randomized sample set. For the
purposes of this study, the triangle tests were used to determine if subjects could detect a
difference between intensities 5 and 6 of each basic taste. Triangle tests also provided
data on the effectiveness of the training by charting responses throughout, and indicating
whether the proportion of correct responses increased from days 2 to 10. Additionally
the triangle tests provided information used during the sensory evaluations to determine
what perceived change in intensity would constitute a temperature effect.
During the triangle test, 3 coded samples were presented to all subjects using a
rotation plan (Figure 3.2) based on the combinations suggested in Sensory Evaluation
Techniques (2007). To properly implement the triangle test rotation plan, intensity 5 and
6 were assigned 2 different 3-digit code numbers. Subjects were instructed that 2 of the
samples were exactly the same, and that they must determine which one of the 3 samples
was different or odd. Subjects were allowed to go back and re-taste any of the samples in
the triangle test before providing their final answer. If the odd sample could not be
determined, subjects were required to guess. Each subject was informed which of their
samples was odd. They were encouraged to go back and re-taste the triangle test samples
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if they did not choose correctly. An example of a training ballot used on a triangle test
day has been provided (Appendix M).
Retention testing was performed throughout the duration of the basic taste
training. During salty training, a sweet reference and unknown samples were given in
addition to the day’s salty training on days 6 and 8. The reference and samples were not
identified as sweet, only labeled as REF for reference and 3-digit code numbers for the
samples. Throughout sour basic training a salty reference and unknown samples were
provided along with the sour samples on day 6 with no prior notice to the subjects. Using
the same retention method, a sweet reference and unknown samples were incorporated
into the training on day 7 of sour training.
Great measures were taken during training to prepare subjects for the actual
sensory evaluations where the final data would be collected. Training was designed so
training ballots mimicked the computerized ballot, and practice sessions were
incorporated into regular training. The practice sessions were meant to alleviate any
confusion or anxiety a subject might encounter during the sensory evaluations by
providing practice and an opportunity to ask any questions and discuss any issues.
During sour basic taste training, a day of training was conducted in the sensory
booth area and utilized the computerized ballot. This gave subjects the opportunity to see
and use the ballot in digital form and provided practice using the 15cm line scale on a
computer screen as opposed to the paper ballot. Additionally since basic taste solution
combinations were not part of the training, but would be a part of the sensory panels, an
example was given to panelists towards the end of training. On day 9 of sour training,
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subjects were given a basic taste combination sample. The references, combination
solution at room temperature, and scales were presented exactly to the subjects as they
would see them during the evaluations. This was done to help them assimilate to the
sensory evaluation procedures and objectives of a combination sensory evaluation.

Table 3.2 Triangle test rotation plan of intensity levels 5 and 6 for specific study
subjects.
Day &
Taste
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour
8 Sour

Combination

Code #

Code #

Code #

Subject

ABB
BAA
AAB
BBA
ABA
BAB
ABB
BAA
AAB
BBA
ABA
BAB
ABB
BAA
AAB
BBA
ABA
BAB
ABB
BAA

892*
487*
892
995
892
995
311*
995*
311
487
311
487
892*
487*
892
487
892
995
892*
995*

487
892
311
487
995*
311*
487
311
892
995
487*
892*
995
892
487
892
311*
487*
995
311

995
311
995*
892*
311
487
995
892
487*
311*
892
995
487
311
995*
311*
995
892
311
487

947
984
294
207
641
173
582
713
926
749
597
132
835
337
487
118
391
624
631
374

1. Intensity 5 (A) = 892 & 311
2. Intensity 6 (B) = 487 & 995
3. * = Odd Sample

Though 23 individuals began the training process, not all subjects progressed to
the sensory evaluation portion of the study. Two male and 1 female subjects dropped out
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of the study of their own accord. While their training data was recorded and retained, it
was not used to calculate the training results for this study.
RESULTS AND DISCUSSION
Statistical Analysis
The performance results for the training sessions of each basic taste were
examined using the data gathered from 4 triangle tests and the intensity measurements
collected from 15cm line scales. The triangle tests were used to ascertain whether
subjects could recognize the difference between solutions of intensity level 5 and 6. A
hypothesis test for the proportion of correctly identified odd samples was performed for
each triangle tests. Measurement system analysis (MSA) was used to evaluate the
effectiveness of the intensity measurements by study subjects and was analyzed using an
analysis of variance (ANOVA). The MSA included an examination of bias, or accuracy,
which is the difference between the mean estimated intensity levels and the actual
intensity levels. Variability, or precision, which is comprised of the components
repeatability and reproducibility, was also investigated. Repeatability refers to the within
subject variation and provides a measurement of the variation a subject has when
measuring the same intensity level more than once. Conversely, reproducibility is the
between subject variation, or the variation in the average of measurements made by
different subjects measuring the same intensity level (Moresteam.com, n.d.).
In addition to evaluating subject’s performance during training, two further
comparisons were performed regarding the bias of the estimated line scale measures. The
first comparison determined if gender had any influence on the bias. The second
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comparison looked to determine if a subject’s presentation order of the unknown training
samples influenced the bias. The comparisons were analyzed using ANOVA. The
percentage of subjects that could correctly identify samples of intensity level 6 within +/2 intensity levels was also calculated. All training performance results and comparisons
were analyzed using SAS® 9.2 Business Analytics Software.
Sweet Basic Taste Training Results
The results of the 4 triangle tests are presented in Table 3.3. For triangle test 1,
the proportion of correct responses was 50% and resulted in a p-value of 0.0569. In this
instance there was insufficient evidence to suggest that subjects could detect a difference
between the intensity 5 and 6. Triangle tests 2, 3 and 4 did provide evidence that subjects
could discriminate between intensity level 5 and intensity level 6 (p≤0.05).

Table 3.3 Proportion of correct answers and p-values for sweet triangle test trials.
Triangle
Test
1
2
3
4

Number of
Participants
20
20
20
19

Proportion of Participants to
Correctly Identify Odd Sample
0.5000
0.6000
0.7000
0.6842

p-value
0.0569
0.0057
0.0003
0.0006

Table 3.4 lists the least square means of the biases and the individual p-vales to
determine if the bias was different from zero for actual intensities (1 through 13) used
during training. A significant bias (p≤0.05) was determined for actual intensity levels 2,
3, 4, 6, 10, 11, 12 and 13. While the remaining intensity levels were not statistically
significant, all intensities, with the exception of intensity 7, were negative. A negative
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estimated bias indicates that subjects tended to underestimate the intensity level, while a
positive estimated bias illustrates an overestimation. The test for linearity reveals that the
biases were inconsistent over the range of actual reference intensity levels because it was
significant (p<.0001).

Table 3.4 Bias for individual actual reference intensities used in sweet training.
Actual Intensity
Level
1
2
3
4
5
6
7
8
9
10
11
12
13

Estimated Bias
-0.5309
-0.7854
-1.2530
-1.0766
-0.5002
-0.8800
0.6166
-0.3916
-0.0091
-0.5564
-0.8948
-0.5564
-1.1486

Standard
Error
0.3703
0.2753
0.2731
0.2098
0.3785
0.1832
0.3703
0.2337
0.2358
0.2754
0.2743
0.2100
0.2772

p-value
0.1523
0.0047
<.0001
<.0001
0.1870
<.0001
0.0966
0.0960
0.9692
0.0445
0.0013
0.0094
<.0001

A plot (Figure 3.3) of the mean estimated intensity levels on the vertical axis and
the actual reference intensity levels on the horizontal axis are represented below. No
identifiable pattern among the biases could be detected. The percentage of subjects who
were able to identify an intensity level 6 within (+/-) 2 intensity levels was 71.43%. The
graph below clearly illustrates that the subjects’ mean estimated intensity level for an
actual 6 was approximately intensity level 5.
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Figure 3.3 Mean intensity level estimates verses actual reference intensity levels for
sweet training.

1.

° represents the mean intensity level of the actual reference

2. - - - represents the slope of the mean estimated intensity levels

The variability of the biases due to individual subjects, the interaction between the
subjects and the various actual intensity levels, the different training days that a subject
assessed an intensity level and the variability measuring intensity levels within a single
training session are the components of variability in the measured intensity estimates.
These training variance components are detailed in Table 3.5.
Repeatability is the within subject variability and is the sum of the variance
components Day(Subject) and Within (2.8316). The reproducibility refers to the between
subject variability and is comprised of the sum of variance components Subject and
Subject*Actual Intensity (0.2216). The lower reproducibility sum indicates there was
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little variability between the subjects as a whole and the majority of the variability can be
attributed to individual subjects inconsistent measurements from session to session.

Table 3.5 Variance components for sweet training.
Source of Variation
Subject
Subject*Actual Intensity
Day(Subject)
Within

Variance Component
0.2216
0.0000
0.6896
2.1420

Percent of Total Variation
7.6%
0.0%
22.3%
73.2%

The ANOVA results of the effects of gender and the actual intensity levels of the
bias of the estimated intensity levels are presented in Table 3.6. The results indicate that
neither the interaction between gender and the actual intensity, nor a main effect for
gender, were insignificant. However, there was a significant effect for the actual
intensity level (p<.0001) which demonstrates the bias was inconsistent over the range of
actual intensity levels.

Table 3.6 Results of ANOVA to determine the effects of gender and actual intensity on
bias for sweet training.
Effect
Gender
Actual Intensity
Gender*(Actual Intensity)

p-value
0.9880
<.0001
0.9353

Table 3.7 lists the least square means for the biases due to sample presentation
order as related to the current sample’s estimated intensity level. The presentation order
difference is equal to the current reference intensity minus the previous reference
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intensity. A negative presentation order difference will represent a sample with a higher
intensity level followed by a lower intensity level. Conversely a positive presentation
order difference is representative of a lower intensity level sample followed by a sample
of higher intensity. A significant bias for the current sample was found for all
presentation order differences were subjects encountered a higher intensity sample
followed by a lower intensity sample, except -10, -6 and -1. No bias for the current
sample was indicated when presentation order was a low intensity sample followed by a
higher intensity sample.

Table 3.7 Bias for the estimate of the current actual intensity due to the sample order for
sweet training
Presentation Order Difference
(Current-Previous)
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
1
2
3
4
5
6
7
8
9
10

Estimated Bias
(Current)
-0.6868
-1.3069
-0.9267
-1.6268
-0.8126
-1.5394
-0.8563
-1.0772
-0.8311
-0.8001
0.2878
-0.0633
-0.5439
0.1157
-0.7107
-0.4913
0.1057
-0.3453
0.4476
-0.9887
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Standard Error

p-value

0.4563
0.5413
0.3546
0.5533
0.4351
0.4373
0.3845
0.3365
0.3013
0.5919
0.5315
0.3363
0.2856
0.3155
0.4661
0.3631
0.4376
0.3214
0.7168
0.6419

0.1337
0.0166
0.0096
0.0036
0.0632
0.0005
0.0270
0.0016
0.0063
0.1779
0.5887
0.8509
0.0582
0.7142
0.1288
0.1774
0.8094
0.2838
0.5330
0.1249

Figure 3.4 provides a visual representation of the comparison of bias for the
difference of the current sample intensity level and the previous sample intensity level.
The intervals for the bias are 95% confidence intervals. The graph shows the difference
due presentation order of high intensity to low intensity sample on the left side of the
vertical (X) axis and the order of low intensity to high intensity samples on the right side
of the vertical axis. The bias for the current sample is on the horizontal, or Y axis. It is
apparent that a greater estimate bias existed when the current sample was a lower
intensity than the pervious sample.

Bias for Current Training Sample Intensity (Y)

Figure 3.4 Comparison of biases for the difference of current sample minus previous
sample intensity levels with 95% confidence intervals for sweet training.

Difference Due to Presentation Order of Training Samples
(Current Sample Intensity – Previous Sample Intensity) (X)
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Salty Basic Taste Training Results
Table 3.8 contains the results of the triangle tests performed during salty training.
For triangle tests 1, 3 and 4 p-values determined there was sufficient evidence to
conclude the subjects could differentiate between intensity levels 5 and 6. Triangle test 2
with a proportion of 31.6% of subjects who correctly identified the odd sample provided
insufficient proof (p=0.5644) that the subjects could make the distinction between the
intensity level 5 and 6 samples.

Table 3.8 Proportion of correct answers and p-values for salty triangle test trials.
Triangle
Test
1
2
3
4

Number of
Participants
19
19
19
18

Proportion of Participants to Correctly
Identify Odd Sample
0.6316
0.3158
0.6315
0.6111

p-value
0.0029
0.5644
0.0029
0.0062

Table 3.9 lists the least square means of the biases and the individual p-values to
determine if the bias was different from zero of intensities 1-13 used for salty training.
With p≤0.05, actual training sample intensity levels 4, 8, 10, 11, 12 and 13 were found to
have a significant bias. With the exception of intensity level 5, which was overestimated,
all other intensity levels were underestimated by the subjects. The test for linearity
resulted in a p-values <.0001, which as before, indicates that over the range of reference
intensities used for salty training, the biases were not consistent.
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Table 3.9 Bias for individual actual reference intensities used in salty training.
Actual Intensity
Level
1
2
3
4
5
6
7
8
9
10
11
12
13

Estimated Bias
-0.1502
-0.3999
-0.1769
-1.0011
0.0550
-0.3147
-0.5774
-0.9530
-0.3475
-0.7184
-1.5502
-1.1344
-1.9911

Standard
Error
0.4018
0.4012
0.2549
0.2543
0.2995
0.1990
0.2967
0.3001
0.2269
0.2543
0.2991
0.2988
0.3004

p-value
0.7088
0.3193
0.4889
0.0001
0.8545
0.1205
0.0528
0.0017
0.1294
0.0054
<.0001
0.0002
<.0001

The mean estimated intensity levels (X axis) and the actual reference intensity
levels (Y axis) are illustrated in Figure 3.5. The figure indicates the subjects estimated
the intensity level of samples at lower intensity levels (1-3) more accurately than those at
mid to high intensity ranges. The salty training also provided the highest percentage
(75.68%) of subjects who were able to identify the intensity level 6 +/- 2 levels. It is
evident that the subject’s mean estimated intensity level for an actual 6 was still slightly
underestimated but closer to the target.
Table 3.10 contains the components of the salty training variance for the biases.
The sum of the variance components Day(Subject) and Within (Repeatability) is 3.1421,
while the sum of reproducibility, or the sum of the components Subject and Subject*
Actual Intensity, is 0.223. Again most of the variability (93.4%) is due to the
inconsistency of the measurements of individual subjects over the training sessions.
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Figure 3.5 Mean intensity level estimates verses actual reference intensity levels for salty
training.

1.

° represents the mean intensity level of the actual reference

2. - - - represents the slope of the mean estimated intensity levels

Table 3.10 Variance components for salty training.

Source of Variation
Subject
Subject*Actual
Day(Subject)
Within

Variance Component
0.1284
0.0946
0.7824
2.3597

Percent of Total Variation
3.8%
2.8%
23.3%
70.1%

Table 3.11 displays the ANOVA data on the effects of gender and the actual
intensity levels of the bias of the estimated intensity levels. The interaction between
gender and actual intensity was not significant (p=0.5351). There was significant
evidence (p<.0001) that the bias was inconsistent over the range of actual intensity levels.
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Table 3.11 Results of ANOVA to determine the effects of gender and actual intensity on
bias for salty training.
Effect
Gender
Actual Intensity
Gender*(Actual Intensity)

p-value
0.4845
<.0001
0.5351

Table 3.12 lists the least square means for the biases due to sample presentation
order as related to current sample intensity level. Significant biases (p≤0.05) were found
for the presentation order differences (current-previous) where the previous sample was
higher than the current sample at -3, -2, and -1. There were also significant biases for the
sample order differences of 1, 3, and 7 when a lower intensity sample was presented
before the current sample.
The bias for the difference of the current sample intensity level and the previous
sample intensity level at 95% confidence intervals are shown in Figure 3.6. The graph
displays the bias for the current sample based on the difference due presentation order. It
appears that most current samples biases occurred for samples differences of 1 to 3
intensity levels going both from lower to higher and higher to lower intensity levels.
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Table 3.12 Bias for the estimate of the current actual intensity due to the sample order
for salty training.
Presentation Order Difference
(Current-Previous)
-11
-9
-8
-7
-6
-5
-4
-3
-2
-1
1
2
3
4
5
6
7
9
11

Estimated Bias
(Current)
-0.3444
0.0604
-1.0593
-0.0455
-0.3306
-0.3975
-0.5383
-0.7644
-1.0906
-1.3596
-0.9129
-0.1060
-0.7567
0.3661
-0.4321
-0.3711
-2.4894
-1.1057
-0.6871
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Standard Error

p-value

0.9634
0.4486
0.9419
0.7216
0.3306
0.4086
0.3151
0.2973
0.4208
0.3833
0.3366
0.3091
0.3419
0.3200
0.3213
0.4563
0.9252
0.9057
0.6963

0.7211
0.8930
0.2621
0.9497
0.3186
0.3318
0.0891
0.0109
0.0103
0.0005
0.0073
0.7321
0.0280
0.2540
0.1801
0.4170
0.0077
0.2236
0.3250

Bias of Current Training Sample Intensity

Figure 3.6 Comparison of biases for the difference of current sample minus previous
sample intensity levels with 95% confidence intervals for salty training.

Difference Due to Presentation Order of Training Samples
(Current Sample Intensity – Previous Sample Intensity) (X)

Sour Basic Taste Training Results
The data analysis of the sour triangle tests are shown in Table 3.13. None of the
results p-values from these tests were found to be significant as none were p≤0.05. There
was insufficient evidence to conclude subjects could differentiate between sour solutions
at an intensity level 5 and intensity level 6.

Table 3.13 Proportion of correct answers and p-values for sour triangle test trials.
Triangle
Test
1
2
3
4

Number of
Participants
20
19
19
19

Proportion of Participants to
Correctly Identify Odd Sample
0.4500
0.3158
0.3684
0.4211
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p-value
0.1342
0.5644
0.3728
0.2087

Table 3.14 lists the least square means of the biases and individual p-values to
determine if the bias was different from zero for intensity levels (1-13) used during sour
training. All actual intensity levels had significant p-values, (p≤0.05) except intensities 3,
7, 9 and 10. With the exception of intensity level 8, the intensity levels 7-13 were
underestimates of the actual intensity level. The intensity levels 1-6 were overestimated
by subjects. The resulting p-value (p<.0001) of the test for linearity indicates the biases
were inconsistent over the range of reference intensities used.

Table 3.14 Bias for individual actual reference intensities used in sour training
Actual Intensity
Level
1
2
3
4
5
6
7
8
9
10
11
12
13

Estimated Bias
1.5538
0.7852
0.4128
1.2329
0.7327
0.5392
-0.1898
1.3178
-0.3992
-0.4765
-1.1812
-0.8557
-2.7233

Standard
Error
0.4791
0.2896
0.4711
0.2874
0.2896
0.2523
0.3505
0.4711
0.2837
0.2874
0.4806
0.3414
0.2875

p-value
0.0013
0.0072
0.3813
<.0001
0.0121
0.0343
0.5885
0.0054
0.1609
0.0988
0.0143
0.0127
<.0001

Figure 3.7 provides a visual reference of the mean estimated intensity levels (X
axis) and the actual reference intensity levels (Y axis). A pattern emerges showing how
subjects overestimate lower intensity levels and underestimates higher intensities. The
percentage of subjects that correctly identified the intensity 6 +/- 2 intensities was

51

60.76%. However the mean estimated intensity by subjects for a level 6 sample was a
slight overestimate of the actual intensity.

Figure 3.7 Mean intensity level estimates verses actual reference intensity levels for sour
training.

1.

° represents the mean intensity level of the actual reference

2. - - - represents the slope of the mean estimated intensity levels

The components of the sour training variance for the bias are displayed in Table
3.15. The repeatability, or the sum of the variance components Day(Subject) and Within
is 4.8287. The reproducibility which is equal to the variation of the Subject and
Subject*Actual Intensity is 0.0915. Again there was very little variability among the
subjects as a group, but the inconsistency of an individual subject’s measurements that
contributed the most to variability during training.
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Table 3.15 Variance components for sour training.
Source of Variation
Subject
Subject*Actual
Day(Subject)
Within

Variance Component
0.0915
0.0000
1.3092
3.5195

Percent of Total Variation
1.9%
0.0%
26.6%
71.5%

The results (Table 3.16) indicate that neither the interaction between gender and
the actual intensity levels of the bias nor the main effect for gender was significant
(p=0.7536). With p<.0001 there was significant evidence that the bias was inconsistent
over the range of actual intensity levels.

Table 3.16 Results of ANOVA to determine the effects of gender and actual intensity on
bias for sour training.
Effect
Gender
Actual Intensity
Gender*(Actual Intensity)

p-value
0.8254
<.0001
0.7536

Table 3.17 lists the least square means for the biases due to sample presentation
order as related to the current sample’s estimated intensity level. The majority of
samples were found to have insignificant biases for the presentation order differences
(current-previous). The exceptions were current samples differences at -9, 4 and 6 where
p≤0.05 proved a significant bias was present for the sample presentation order.
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Table 3.17 Bias for the estimate of the current actual intensity due to the sample order
for sour training.
Presentation Order Difference
(Current-Previous)
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
1
2
3
4
5
6
7
8
9
10
11

Estimated Bias
(Current)
0.5220
1.1448
1.5807
0.4990
0.2567
0.4612
0.7743
0.3267
0.0565
0.1720
-0.3099
0.0775
-0.2566
-0.1676
-0.9144
-0.4765
-1.3741
0.0220
-0.8752
-1.1600
-0.6556
-1.4328

Standard Error

p-value

1.2676
0.8930
0.7520
0.7004
0.7457
0.4264
0.4699
0.3975
0.4604
0.4835
0.9153
0.7912
0.3639
0.5843
0.4362
0.5558
0.5545
0.4861
0.7525
0.8010
1.6360
0.7505

0.6809
0.2013
0.0368
0.4770
0.7310
0.2807
0.1010
0.4120
0.9024
0.7223
0.7353
0.9221
0.4815
0.7745
0.0373
0.3922
0.0140
0.9640
0.2462
0.1491
0.6890
0.0576

A visual reference of the biases for the difference due to sample presentation
order (current sample intensity level - the previous sample intensity level) with 95%
confidence intervals is shown in Figure 3.8. This graph displays the biases on the vertical
axis for the current sample based on this difference on the horizontal axis. The sour
training produced the least amount of bias due to sample presentation order since only
three current sample biases were detected.
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Bias of Current Training Sample

Figure 3.8 Comparison of biases for the difference of current sample minus previous
sample intensity levels with 95% confidence intervals for sour training.

Difference Due to Presentation Order of Training Samples
(Current Sample Intensity – Previous Sample Intensity) (X)

Discussion
According to the training data, sour taste training provided some less than
compelling results. During sour taste training none of the results from the 4 triangle tests
were able to demonstrate that subjects could detect a difference between two solutions of
intensity levels 5 and 6. Whereas 75% of triangle tests performed during sweet and salty
basic taste training, showed subjects could detect a difference. Sour training also
produced the largest number (9 of 13) of actual intensity levels with a significant bias.
A higher percentage of subjects were able to correctly identify samples of an intensity
level 6 (+/-2) for salty and sweet, while sour produced the lowest percentage.
However, the biases over the range of actual reference intensity levels were
inconsistent for all three tastes. The repeatability of individual subjects over the course
of training was the largest source of variance for each sweet, salty and sour. The
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interaction of gender and actual intensity was also insignificant for all three basic tastes.
These gender results conflict with a study on gender-related sensitivities by Michon et al.,
(2009). This study found a gender effect for females and citric acid at concentrations of
2.5 X 10-3 M and 5 X 10-3 M, and also for sucrose at a concentration of 1.0 X 10-1 M.
Besides a screening process it is not known if the participants in the Michon et al. study
received any type of training or had previous experience in taste evaluations.
When reviewing mean estimated intensity scores, the sour results indicate
subjects overestimated lower intensity levels (1-6) and largely overestimated mid to high
intensity levels (7-13). With the exception of one intensity during each sweet and salty
training, all mean estimated intensity levels were underestimates of the actual intensities.
Presentation order of the training samples had less affect on the intensity
estimates of current sour samples. The order presented during sweet training had a
profound influence on the current sample estimations, especially when evaluating a
sample with a lower intensity than the previous sample. For sweet training, this is likely
due to a contrast effect bias caused by the presentation order. When a sample of higher
intensity is presented before one of lower intensity it can cause the second sample to
receive a lower rating (Meilgarrd et al., 2007) In some instances, especially when
subjects saw samples of 1 to 3 intensity levels difference, presentation order had some
impact on current salty samples. As it can be argued the sour training was less effective
than the sweet or salty training, it is difficult to determine if the sour results due to the
presentation order of the current sample can be attributed to more than merely accurate
guesswork by the subjects.
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CHAPTER FOUR
EFFECT OF TEMPEPRATURE ON SENSING INTENSITY OF BASIC TASTES:
SWEET, SALTY AND SOUR
MATERIALS AND METHODS
Introduction
Researchers have been interested in the effect of temperature on basic tastes as
long as sensory analysis has been a legitimate science (Hahn & Gunther, 1932). Studies
are plentiful evaluating the influence of temperature on varying concentrations of a basic
taste solution to determine threshold values or perceived intensity, but none focuses on
using a single concentration with a temperature treatment (Calvino, 1986; Pangborn et
al., 1970; Paulus & Reisch, 1980). The experience and training level of study subjects
also differed greatly and sometimes resulted in conflicting results for the same basic taste
leaving one to ponder the accuracy of the results. No research was found investigating
the affect of temperature on the interrelationship of basic tastes in combination, though
information on basic taste interrelationships was available (McBride & Finlay, 1990;
Pangborn, 1962; Wise & Breslin; 2011). The objective of this chapter is to present and
discuss the results of perceived intensity due to a temperature affect of basic taste and
taste combinations of a single intensity level.
Selection of Single Intensity for Sensory Evaluations
A preliminary test was performed to determine which single intensity level would
be used during all sensory evaluations. Subjects participating in the preliminary test, who
were not the same as those participating in the study, tasted sucrose solutions of
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intensities 5 through 10. The subjects were asked to taste each intensity level, between
which they were instructed to eat a portion of an unsalted cracker and drink bottled water
before moving on to another sample. During a round table discussion, subjects indicated
intensity levels 6, 7, and 8 to be the most palatable of the sweet solutions. Upon further
questioning, some of the subjects expressed difficultly differentiating between intensities
7 and 8. All subjects verbalized they were able to detect a difference between the
samples of intensity levels 6 and 7. Considering this feedback, intensity level 6 was
chosen as the single intensity level for use during all sensory evaluations in this study.
Sensory Evaluation
Of the 20 subjects participating in the sensory evaluations, there were14 females
and 6 males, with a combined mean age of 27. All were non smokers who completed the
necessary screening procedures and at least 80% of training for each basic taste. One
subject was unavailable for all 10 days of salty basic taste training, but completed 100%
of the required training for sweet and sour. This subject was excluded from any sensory
evaluation containing salt.
Each basic taste and combination panel was replicated three times for a total of 21
sensory panels. The order of the sensory panels (Figure 4.1) was randomized using SAS®
9.2 Business Analytics Software (SAS® Institute Inc., Cary, NC, U.S.A.). Panels were
scheduled over 3 weeks with panels occurring twice daily with a target time of 11:00
A.M. and 2:00 P.M., in the Sensory Evaluation Laboratory at Clemson University.
Subjects were allowed to schedule specific panel times if unable to participate at the
target times. Eight subjects of the total 20 cleared to participate, were used for each
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panel. A total of 16 subjects were used each day, with 4 panelists available as backup if a
scheduled subject could not participate.

Table 4.1 Sensory Evaluation Panel Schedule

Day
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10
11

Time
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.
P.M.
A.M.

Basic Taste or Combination
Sour
Sweet/Salty
Sour
Sweet/Sour/Salty
Sweet/Salty
Sweet/Sour
Sweet/Sour
Sour
Sweet/Sour/Salty
Sweet/Salty
Salty
Sweet/Sour
Sour/Salty
Sweet
Sweet
Sour/Salty
Salty
Sweet
Sour/Salty
Salty
Sweet/Sour/Salty

A schedule (Appendix N) was created in an attempt to ensure that subjects were
rotated throughout the sensory evaluation period. No subject was initially scheduled
more than once a day and had at least 1 free day during the evaluations. The exception
was 2 subjects with previously scheduled absences during the evaluations, whom were
scheduled based on availability. Adjustments were made to the schedule, and some of
the reserve subjects were utilized due to unforeseen issues that occurred during the
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evaluation period. Subjects were compensated with homemade treats for each panel in
which they participated.
The evaluations themselves consisted of 1 to 3 room temperature references and 3
samples at each temperature used in the study (3°, 23°, and 60°C). The number of
references varied according to the type of sensory evaluation presented. For example, a
sensory panel evaluating the temperature affect on the sweet basic taste would require 1
room temperature (23°C) reference given at the beginning of the panel, followed by 3
sweet samples at 3°, 23°, and 60°C presented in a pre-randomized order. A combination
sweet/salty/sour panel would require presenting a subject with a sweet reference, a sour
reference, and a salty reference, all room temperature, given at the beginning of the
evaluation. The references would then be followed by a solution combining all 3 basic
tastes at 3°, 23°, and 60°C in a random order.
The sensory lab consists of 6 privacy booths that were equipped with Dell Mini
P787J notebook computers (Dell, Santa Clara, CA, U.S.A.) on which computerized
ballots recorded subject’s evaluation of the samples. Each booth also contained bottled
water, cups, napkins and expectorant cups. The ballots were created and the results
recorded using SIMS 2000 Sensory Evaluation Testing Software (Sensory Computer
Systems, Morristown, NJ, U.S.A.) on a Dell Latitude E6400 laptop computer. A sample
computer ballot of a single taste evaluation has been provided in Appendix O and a
computer ballot for a combination panel in Appendix P. In addition to providing scales
to record results, the sensory ballots clearly outlined the instructions for evaluating
samples and the objectives of the study before the subjects received samples.
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All solutions used for the sensory evaluations were prepared and stored according
to the same parameters given for the training samples. The sensory evaluation samples
were served at 3 temperatures so solutions were dividing accordingly. Using the
Chempette® II Dispenser, 30mL of solution were dispensed into 4oz plastic portion cups
with lids for all room temperature, cold and reference samples. After dispensing, room
temperature samples and references were allowed to sit and come to room temperature.
Cold samples (3°C) were dispensed and placed in refrigeration until they were presented
individually to panelists. The solution earmarked for the hot (60°C) samples was kept in
a Ball® mason jar fitted with the Chempette® II Dispenser apparatus. The jar was then
placed in a water bath contained in a 4.75 gallon clear plastic Cambro® (Cambro®
Manufacturing Co., Huntington Beach, CA, USA) fitted with a Sous Vide Immersion
Circulator (PolyScience, Niles, IL, USA) set to 60°C. 30mL of the hot solution were
dispensed into a 4oz Styrofoam portion cup with a vented lid (Dart® Container Corp.,
Mason, MI, U.S.A.) for each individual subject immediately before distribution. The
temperatures of all solutions were verified before serving. To maintain these
temperatures, samples were presented one at a time to subjects.
When building each sensory ballot in the SIMS 2000 software, a rotation plan was
automatically created. Each ballot was constructed so that a subject was required to log
into the computerized ballot with their panelist number to activate the test. One sample
set from the rotation plan was written on a note card and given to a subject when they
entered a privacy booth. Subjects were provided with a tray of all reference samples and
unsalted crackers upon entry to a booth. The subject was required to record their panelist
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number on the note card and verify the sample order listed on the card matched the
sample order given when they activated the computer ballot. The note cards only
provided code numbers and gave no indication the temperature order in which the
samples would be presented.
The note cards were collected from each subject when a buzzer indicated they had
verified the sample order, read all instructions, read test objectives, tasted the reference
sample(s) and observed the location of the reference(s) on a 15cm line scale. Upon
completion of these steps subjects could begin receiving the samples for evaluation.
Using the note cards with the sample order, an individual tray containing a subject’s first
sample and unsalted crackers was prepared and distributed. When the tray was issued, it
was indicated on the note card that particular sample was disbursed. Subjects were
instructed to use the buzzer in their booth to signal when they had tasted and evaluated
that sample. Before receiving the next sample in their sample order, a mandatory wait
time of 1 minute was imposed by the panel facilitator. This process was repeated until all
3 samples were tasted and evaluated on the computerized ballot. Upon completion of
evaluating their last sample, the subject received their complementary treat. All sensory
evaluations were executed using these procedures to ensure consistency.
RESULTS AND DISCUSSION
Statistical Analysis
To interpret the sensory evaluation data, an analysis of variance (ANOVA) was
used to determine any statistically significant differences between the samples due to
temperature. Pending the ANOVA results, the differences of least squares means (LSM)
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were reviewed. The LSM p-values (p≤0.05) were used to determine which temperature
relationships resulted in a significant difference in perceived intensity due to the
temperature treatment. Standard errors are shown for each mean intensity to determine
how much variability is associated with the sample mean. The ANOVA, LSM and
standard error results for basic tastes and basic taste combinations were performed using
SAS® 9.2 Business Analytics Software.
Sweet Basic Taste
The ANOVA conducted for results of the sweet basic taste panel resulted
provided a significant p-value (p=0.0005), indicating the temperature of the samples had
an affect on the perceived intensity. When examining the differences of LSM, the pvalue for temperature effect between the cold (3°C) and hot (60°C) samples was 0.0002,
indicating that the means for the 2 temperatures were different. The p-value (p=0.0035)
was also significant for the temperature difference between hot and room temperature
(23°C). The temperature effect between cold and room temperature samples did not
provide sufficient evidence to conclude temperature affected the mean intensities. Table
4.2 provides the estimated mean intensities, standard deviation and significant
temperature differences for the sweet basic taste panels. Figure 4.1 plots the mean
estimated intensity levels on the vertical (Y) axis and the temperatures used in the study
on the horizontal (X) axis.
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Table 4.2 Significant temperature interactions, mean estimated intensity and standard
errors at each temperature for sweet basic taste evaluations.
Sweet Basic Taste
Temperature Mean Estimated Intensity Standard Error
23°Ca

7.3

0.49

60°Cab

8.6

0.41

3°Cb

6.8

0.47

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)

Figure 4.1 Mean intensity at three temperatures for sweet basic taste evaluations.

Mean Intensity

Sweet Sensolry Evaluations
10
9
8
7
6
5
4
3
2
1
0
3°

23°

60°

Temperature (Celsius)
(n=24)

The evaluation results indicate as the sample temperature increased so did the
perceived sweetness of the samples by the subjects. These results are concurrent with the
findings of Baroshuk et al. (1981), Calvino (1983), Schiffman et al. (2000) and Talavera
et al. (2005) that found a linear relationship between temperature and the perceived
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sweetness of sucrose solutions. However a study by Paulus and Reisch (1980), indicated,
at least with stimulus and recognition thresholds, that perceived intensity did not increase
with an increase in sample temperature. They found intensity was lowest between 20 and
40°C and perceived at its highest at 60°C. The sucrose intensities were higher at 10°C
than the mid range temperatures (20 and 40°C) but not significantly so. These results
provide a nonlinear, almost U shaped curve of the effect of temperature on stimulus and
recognition thresholds.
Salty Basic Taste
The ANOVA results suggest subjects had less success noting a temperature effect
in the salty basic taste panels. There was insufficient evidence to conclude temperature
influenced the perceived saltiness of NaCl solutions (p=0.7746). The salty evaluations’
mean intensity levels and standard deviations can be found in Table 4.3 and a visual
representation of the estimated mean intensity levels for the temperature treatments are
shown in Figure 4.2.
While temperature did not affect the perceived saltiness of the samples, it is
interesting to note the standard error of the 23°C sample means was the lowest of the 3
samples, and therefore the individual estimations by the subjects were closer to the mean
intensity. The mean intensity for the room temperature sample was very close to the
actual intensity of 6, indicating the subjects were fairly accurate in their evaluations of
the 23°C sample.
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Table 4.3 Significant temperature differences, mean estimated intensity and standard
errors at each temperature for salty basic taste evaluations.
Salty Basic Taste
Temperature

Mean Estimated Intensity

Standard Error

23°C

6.3

0.35

60°C

5.7

0.57

3°C

6.2

0.69

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)

Figure 4.2 Mean intensity at three temperatures for salty basic taste evaluations.
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Temperature (Celsius)
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While the salty evaluation results are similar to the observations of Pangborn et al.
(1970) that perceived intensity of sodium chloride solutions saw nominal changes due to
temperature, they are completely at odds with others. A study by McBurney et al. (1973)
established that the threshold for NaCl was higher at temperatures 4 and 42°C and lower
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at temperatures 22 to 32°C, where they were also very close in range. In contrast, a 1932
study performed by Hahn and Gunther provided evidence that like the sucrose samples in
the sweet evaluations, NaCl thresholds rose as the temperature increased. Hahn and
Gunther’s theory that perception of saltiness decreases as the temperature is lowered is
supported by a study almost 50 years later by Paulus and Reisch (1980).
The inability of the panel to distinguish a temperature effect between the three
samples could be due to heightened NaCl sensitivity. Of the 20 individuals who
participated in the salty sensory evaluations, 50% indicated on the Screening
Questionnaire they felt their consumption of salty foods was not significant. Evidence
generated from the results of a study observing how long-term reduction of sodium can
alter one’s taste of salt, indicates low intake over time, can increase the perceived
intensity of salt in foods (Bertino, Beauchamp & Engleman, 1982). It is reasonable to
speculate that an individual who consumes a reduced amount of dietary sodium could
perceive the salt in food as more intense than someone who consumes more sodium.
Sour Basic Taste
The p-value for the sour evaluation ANOVA is 0.0007 and provides significant
evidence that temperature had an influence on perceived intensity. The LSM provides a
more in depth look at the temperature relationships. The estimated mean intensity
between the cold and hot samples did not differ. There was a significant difference
(p=0.0002) found between the cold and room temperature samples and the hot and room
temperature samples (p=0.0215).

These temperature differences along with estimated
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intensity means and standard deviations are displayed in Table 4.4. Figure 4.3 provides a
visual representation of the mean intensity results from the sour taste panels.

Table 4.4 Significant temperature difference, mean estimated intensity and standard
errors at each temperature for sour basic taste evaluations.
Sour Basic Taste
Temperature

Mean Estimated Intensity

Standard Error

23°Cab

7.0

0.33

60°Cb

5.6

0.43

3°Ca

4.5

0.53

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)

Figure 4.3 Mean intensity at three temperatures for sour basic taste evaluations.
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60°

The results of the sour sensory evaluations are not supported by available
research. In a study of the effect of temperature on the threshold values of several
substances including citric acid, Powers et al. (1971), found the threshold of citric acid to
be highest at 2°C. Yet the subjects found the citric acid threshold to be lower at 20.5 and
41°C. In contrast, a study by Paulus and Reisch (1980) evaluating the effect of
temperature on the stimulus and recognition thresholds of citric acid provided no
statistically verifiable evidence that temperature had an affect on either threshold.
However, the authors do mention that though not statistically significant, there was a
tendency of the threshold to increase as the temperature increased.
Sweet/Salty Combination
The ANOVA for the sweet component in the combination resulted in a significant
p-value (p=0.0039), so there is significant evidence that temperature affected the
perceived intensity of the sweet taste. The LSM showed a detectable difference
(p=0.0089) between the hot and cold means and also between the cold and room
temperature means (p=0.0017). However, with a p-value for the detectable temperature
difference between the hot and room temperature means was not found to be significant.
The ANOVA for the salty portion of the combination did not yield a significant p-value
(p=0.8164) so none of these perceived temperature differences were statistically
significant. Refer to Table 4.5 for the comparison of sweet and salty mean intensities,
temperature differences and standard deviations. Figure 4.4 provides a comparison of the
two basic tastes in this combination panel.
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Table 4.5 Significant temperature differences, mean estimated intensity and standard
errors at each temperature for sweet/salty basic taste evaluations.
Sweet Basic Taste
Temperature

Mean Estimated Intensity

Standard Error

23°Ca

5.9

0.41

60°Cb

5.6

0.37

3°Cab

4.4

0.37

Salty Basic Taste
23°C

3.6

0.43

60°C

3.3

0.51

3°C

3.7

0.37

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)

Figure 4.4 Mean intensity at three temperatures for sweet/salty combination evaluations.
Sweet/Salty Combination Evaluations
7
Mean Intensity
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Literature on the pairing of sweet/salty combinations provides little insight into
the relationship between sucrose and NaCl combination solutions based on temperature
as the research previously conducted does not use temperature as a treatment. The
research by Pangborn (1962) was conducted using varying concentrations of both sucrose
and NaCl in combination with one another. More research by Pangborn and Chrisp
(1964) and Pangborn and Trabue (1964) on the interrelationship of sucrose and NaCl was
performed using not only varying concentrations of the stimuli, but also evaluates the
basic taste combinations in canned tomato juice and lima bean puree respectively.
However, in an article on “Flavor effects of sodium chloride” by Gillette (1985), the
author states that the perception of sweetness is amplified by the addition of salt. While
it is evident (Figure 6.4) the sweet component of the solution was rated as more intense
by subjects than the salty, the mean intensities of perceived sweetness were evaluated as
less intense in combination than when evaluated singularly. The salty component of the
combination mimics the observations from the single salty panel in that change due to
temperature is insignificant.
Sweet/Sour Combination
The results of the sweet/sour combination were very similar to those of the
sweet/salty combination. The ANOVA for the sweet portion was significant (p=0.0033),
while the sour component was not (p=0.0790). The LSM for the sweet segment showed
a verifiable difference (p=0.0012) among the perceived intensities of the cold and hot
means, and also a significant difference (p=0.0118) for the cold and room temperature
sweet means. A significant difference was not found for the hot and room temperature
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means (p=0.4126). The mean intensities, standard deviations and significant temperature
differences of each the sweet and sour tastes are represented in Table 4.6, while Figure
4.5 charts a comparison of the two tastes.

Table 4.6 Significant temperature differences, mean estimated intensity and standard
errors at each temperature for sweet/sour basic taste evaluations.
Sweet Basic Taste
Temperature

Mean Estimated Intensity

Standard Error

23°Ca

4.7

0.41

60°Cb

5.1

0.51

3°Cab

3.5

0.41

Sour Basic Taste
23°C

4.2

0.53

60°C

4.8

0.55

3°C

3.5

0.53

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)

In a report by Horn (1981) on evaluating sweetness and the many factors that
influence its perception, it was stated that acidic ingredients such as citric acid can
somewhat suppress the sweetness of sucrose. The results of this evaluation appear to
reinforce Horn’s statement since the same intensity of sucrose solution was perceived as
higher when evaluated alone, than when in combination with citric acid. The mean
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intensities for sweet and sour were estimated relatively close at all temperatures in
combination, while the means for the sweet/salty combination were not as similar.

Figure 4.5 Mean intensity at three temperatures for sweet/sour combination evaluations.
Sweet/Sour Combination Evaluations
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Not only did sweet/sour studies by McBride and Finlay (1989) (1990), Pangborn
(1961) and Schiffman et al. (2000) use varying concentrations of sucrose and citric acid
in combination solutions, none of the authors researched how temperature would
influence the interrelationships. Therefore, the results of these previous studies on the
interaction of sucrose and citric acid in solution cannot be used to support or dispute the
results of this study.
Sour/Salty Combination
Upon review, the ANOVA for the sour component was insignificant, while the
ANOVA p-value of 0.0450 for the salty element provided sufficient evidence that
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temperature affected the perception of intensity. The LSM for the salty portion rendered
sufficient evidence to conclude temperature had an effect on the perceived intensity
between room temperature and cold, and room temperature and hot means with p=0.0346
and p=0.0266 respectively. The perceptible difference among the cold and hot
temperature salty means was not statistically significant. Table 4.7 comparing the mean
intensities, standard deviation, and significant differences due to temperature is shown
below. An illustrated comparison of both sour and salty at each of the three temperatures
is displayed in Figure 4.6.

Table 4.7 Significant temperature differences, mean estimated intensity and standard
errors at each temperature for sour/salty basic taste evaluations.
Sour Basic Taste
Temperature

Mean Estimated Intensity

Standard Errors

23°C

5.3

0.47

60°C

5.0

0.53

3°C

4.5

0.41

Salty Basic Taste
23°Cab

3.3

0.45

60°Ca

4.5

0.49

3°Cb

3.3

0.51

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)
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Figure 4.6 Mean intensity at three temperatures for sour/salty combination evaluations.
Sour/Salty Combination Evaluations
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While the sour portion of the sample was not found to be statistically significant
in relation to temperature, it was ranked as more intense than the significant salty
component. When comparing the combination data against the single panel data, the
findings are reversed. In single evaluations, citric acid in solution produced a statistical
difference due to temperature, whereas the single NaCl evaluations did not. Literature by
Pangborn and Trabue (1967) and Wise and Breslin (2011), was based on the combination
of varying concentrations of citric acid and salt and incorporated no temperature
treatment. Since the results of this panel were gathered using solutions with the same
intensity level of citric acid and NaCl and three serving temperatures, it is not feasible to
attempt a comparison between this panel and the results of these studies.
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Sour/Sweet/Salty Combination
The ANOVA for the sour portion of this combination provided the only
significant a p-value (p=0.0455) of the trio. The LSM for sour found temperature
differences between cold and hot, and cold and room temperature were not detectable.
The temperature effect between the hot and room temperature means provided a
verifiable difference due to temperature (p=0.0188). This significant temperature affect,
plus mean intensities and standard deviations are shown in Table 4.8. A comparison of
the mean intensities for each taste in the combination is displayed in Figure 4.7.
No research was found on the interaction of three of these basic tastes in
combination using a temperature treatment or otherwise. As with all combinations
involving sucrose in this study, it is the dominant taste when in combination with other
basic tastes. The perceived intensity of sucrose also increased with temperature, as seen
in the single sweet panel, the sweet/sour combination and to a slightly lesser degree, the
sweet/salty panels. The difference in intensity estimates between citric acid and sucrose
appear more pronounced when combined with NaCl, then when evaluated without. In
the trio combination, sour was estimated as more intense than salty at 3 and 60°C but not
at 23°C. However, when the two were paired, sour had a higher mean across all
temperatures. The mean intensities of sour and salty were estimated to be very close at
the two lower temperatures. The largest difference in perceived intensity between the two
was observed at 60°C.
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Table 4.8 Significant temperature differences, mean estimated intensity and standard
errors at each temperature for sour/sweet/salty basic taste evaluations.
Sour Basic Taste
Temperature

Mean Estimated Intensity

Standard Error

23°Ca

2.8

0.47

60°Ca

4.0

0.49

3°C

3.0

0.51

Sweet Basic Taste
23°C

5.1

0.39

60°C

5.3

0.63

3°C

4.1

0.47

Salty Basic Taste
23°C

3.2

0.35

60°C

2.6

0.49

3°C

2.8

0.49

1. Temperatures with the same letter indicate a significant (p≤ 0.05) difference between the two
2. (n=24)
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Figure 4.7 Mean intensity at three temperatures for sour/sweet/salty combination
evaluations.
Sour/Sweet/Salty Combination Evaluation
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Conclusions
It is widely stated that temperature has some effect on the sensing intensity or
perception of basic tastes. This study was able to provide some support of published
information on this temperature/perceived intensity relationship. A single solution
concentration of basic tastes sweet, salty and sour, were evaluated singularly and in
combination at three common serving temperatures (3, 23 and 60°C). The primary
findings of this study can be summarized as follows:
i) The sweet sensory evaluations indicate temperature affected the perceived
intensity of some samples. The intensity difference from hot to cold and hot
to room temperature were statistically significant (p<0.05). The perceived
intensity difference from room temperature to cold was not significant.
ii) Salty means were not affected by the temperature treatment. Sensory
evaluations did not provide any significant data for any of the three
temperatures.
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iii) Sour means when evaluated provided evidence that temperature influenced
intensity perception. The perceived intensity contrast between the hot and
cold means was not significant. The difference detected between hot and
room temperature samples was significant (p<0.05), as was room
temperature and cold means.
iv) Combination evaluation for sweet/salty found temperature affected the
perception of sweet intensities but not salty. There was a detectable difference (p<0.05) between hot and cold means as well as room
temperature and cold. No significant intensity difference was found between
hot and room temperature.
v) Sweet/sour combinations also indicated effect of temperature on sweet
intensity. The sour component was not significantly affected by temperature
change. The difference among hot and cold means and room temperature
and cold was verifiable (p<0.05). The difference in perceived intensity of
room temperature and hot was not significant.
vi) In combination, salty was significantly affected by temperature and sour was
not. Hot and room temperature salty means were statistically significant (p<
0.05), as were room temperature and cold. The perceived intensity difference
between hot and cold samples did not provide statistically significant data.
vii) When all three basic tastes were combined, only sour produced a significant
difference due to temperature. The only detectible difference for sour was
between the hot and room temperature means (p<0.05). Means for hot verses
cold and room temperature verses cold were not different (p>0.05).
Recommendations
There are some recommendations that could prove beneficial if one were to
recreate this study. As subjects received approximately 18 hours of training prior to the
sensory evaluations, they could only be considered a semi-trained panel. This is less than
half of the minimum 40 hours required to form a trained panel. Completion of more
training hours could have improved the repeatability of the subjects making them more
consistent from day to day.
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While a screening process was in place to initially remove any potential subjects
who were not ideal candidates for the study before training, there was no such process in
place before sensory evaluations. To have a system in place to evaluate a subjects’
training performance with minimum requirement could have benefited the evaluations.
By not allowing any subject who did not meet the training performance requirements to
participate in the evaluations, might have provided more statistically verifiable results.
A larger population size for sensory evaluations also could have strengthened the
resulting data. Due to time constraints, it was only possible to utilize 8 subjects for each
evaluation. This is the minimum number recommended for sensory evaluations by the
authors of Sensory Evaluation Techniques (2007). A larger sample size generally
translates to better statistical representation.
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Appendix A
Water Quality Report for Diamond Springs Bottled Water
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Bottled Water Quality Introductions
Diamond Springs bottled water meets all federal and state health standards. The FDA regulates
bottled water as a food product whereas the EPA regulates tap water as provided by water
utilities. Standards of quality enacted by the FDA for bottled water must be as protective of the
public health as EPA's standards (known as Maximum Contaminant Levels) for tap water.
Ensuring the safety of the water is our primary objective in providing our product to your home or
office.

Spring Water Source
Diamond Springs bottling facilities use protected springs in Virginia and North Carolina as the
sources of our water. Underground water flows up through cracks in the earth and goes through a
natural purification process as it runs through layer after layer of rock. This spring water is
completely safe to drink. We test our sources regularly to verify that they are of extremely high
quality.

How Bottled Water Is Prepared
Bottled water is protected by a multi-barrier approach, which includes steps such as source
protection and monitoring, and treatment such as micron filtration, distillation, ozonation, or other
appropriate processing measures. Bottled water products labeled as spring water must come
from protected sources, which are monitored frequently. Bottled water may also come from
treated municipal supplies and employ processing methods, such as reverse osmosis, micron
filtration, distillation, and ozonation to remove any chemical and microbiological contaminants,
including cryptosporidium.
- Multiple stages of filtration include carbon filtration, micron filtration, and particulate filtration to
remove sediment and suspended particles.
- For our distilled water, the water is heated to produce steam. The minerals are left behind and
the steam is condensed for a pure, mineral-free distilled product.
-All of our bottled water products are ozonated. We use ozone instead of chlorine because it
leaves no residual and it does not cause a taste and odor problem. Ozone is oxygen (O3 to be
exact) which is bubbled through the water just before it goes into a clean, sanitized bottle. Within
a few hours after the bottle has been filled and capped, the ozone dissipates or converts back to
the same form of oxygen that we breathe (O2).

Diamond Springs Water Testing
Our company regularly tests our water for up to 58 organic chemicals and up to 28 inorganic
chemicals that are regulated by the FDA. As an extra safeguard we also test for numerous
unregulated contaminants. No contaminant was detected above FDA's limits in our testing as
demonstrated below. There have been no violations of any FDA Standard of Quality.
Diamond Springs Inorganic Product Analysis
ND = Not detected
VA Spring
Water

NC Spring
Water

Distilled
Water

Detection
Limit

FDA
Quality
Standard

Aluminum

.04

ND

ND

0.01

0.2

Antimony

ND

ND

ND

0.0006

0.006

Arsenic

ND

ND

ND

0.002

0.05

Bromate

ND

ND

ND

0.005

0.01

Product
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Barium

.08

ND

ND

0.05

2

Beryllium

ND

ND

ND

0.0005

0.004

Cadmium

ND

ND

ND

0.0003

0.005

Chloride

8.4

1.1

ND

250

250

Chlorine, total residual

ND

ND

ND

0.1

4

Chromium

ND

ND

ND

0.05

0.1

Color

ND

ND

ND

15 units

15* units

Copper

ND

ND

ND

1

1

Cyanide, total

ND

ND

ND

0.2

0.2

Fluoride

ND

ND

ND

4.0

4.0

Iron

ND

ND

ND

.3

0.3

Lead

ND

ND

ND

0.003

0.005

0.015

.011

ND

0.05

0.05

Mercury

ND

ND

ND

0.002

0.002

Nickel

.001

ND

ND

0.1

0.1

Nitrate

2.0

.52

10

10

Nitrite

ND

ND

ND

0.02

1

Odor

ND

ND

ND

1 T.O.N.

3 T.O.N.

pH

6.57

4.7

5.91

0.01 su

N/A

Selenium

ND

ND

ND

0.004

0.05

Silver

ND

ND

ND

0.1

0.1

Sulfate

0.7

ND

ND

250

250

Surfactants

ND

ND

ND

0.2

0.5

Thallium

ND

ND

ND

0.0002

0.002

Turbidity

0.4

ND

0.05

0.1 ntu

5*ntu

Zinc

ND

ND

ND

0.01

5

VA Spring
Water

NC Spring
Water

Distilled
Water

Detection
Limit

FDA
Quality
Standard

1,1,1-Trichloroethane

ND

ND

ND

0.0005

0.2

1,1,2-Trichloroethane

ND

ND

ND

0.0005

0.005

1,1-Dichloroethane

ND

ND

ND

0.0005

0.005

Manganese

less than

0.05

Organic Analysis
Volatile Organic Chemicals (VOCs)
ND = Not detected
Product
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1,1-Dichloroethylene

ND

ND

ND

0.0005

0.007

1,2 Dichloroethane

ND

ND

ND

0.0005

0.005

1,2 Dichloropropane

ND

ND

ND

0.0005

0.005

1,2,4-Trichlorobenzene

ND

ND

ND

0.0005

0.07

1,2-Dichlorobenzene

ND

ND

ND

0.0005

0.6

1,4 Dichlorobenzene

ND

ND

ND

0.0005

0.075

Benzene

ND

ND

ND

0.0005

0.005

Bromodichloromethane

ND

ND

ND

0.0005

(6)

Bromoform

ND

ND

ND

0.0005

(6)

Carbon tetrachloride

ND

ND

ND

0.0005

0.005

Chlorodibromomethane

ND

ND

ND

0.0005

(6)

Chloroform

ND

ND

ND

0.0005

(6)

cis-1,2 Dichloroethylene

ND

ND

ND

0.0005

0.07

Ethylbenzene

ND

ND

ND

0.0005

0.7

Methylene chloride

ND

ND

ND

0.0005

0.005

Styrene

ND

ND

ND

0.0005

0.1

Tetrachloroethylene

ND

ND

ND

0.0007

0.005

Toluene

ND

ND

ND

0.002

1

Total trihalomethanes

ND

ND

ND

0.0005

0.08

trans-1,2Dichloroethylene

ND

ND

ND

0.0005

0.1

Trichloroethylene

ND

ND

ND

0.0005

0.005

Vinyl chloride

ND

ND

ND

0.0005

0.002

Xylene (total)

ND

ND

ND

0.006

10

Semivolatile Organic Chemicals
Benzo(a)pyrene

ND

ND

ND

0.00005

0.0002

Di(2-ethylhexyl)adipate

ND

ND

ND

0.002

0.4

Di(ethylhexyl)phthalate

ND

ND

ND

0.002

NA

Hexachlorobenzene

ND

ND

ND

0.0001

0.001

Hexachlorocyclopentadie
ne

ND

ND

ND

0.0001

0.05

Total recoverable
phenolics

ND

ND

ND

0.0005

0.001

Pesticides, PCBs, and Synthetic Organic Chemicals (SOCs)
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Lindane

ND

ND

ND

0.0002

0.0002

Endrin

ND

ND

ND

0.002

0.2

Methoxychlor

ND

ND

ND

0.004

0.04

Toxaphene

ND

ND

ND

0.001

0.003

2,4-D

ND

ND

ND

0.07

0.07

2,4,5-TP (Silvex)

ND

ND

ND

0.05

0.05

Chlordane

ND

ND

ND

0.0002

0.002

Alachlor

ND

ND

ND

0.0001

0.002

Atrazine

ND

ND

ND

0.002

0.003

Carbofuran

ND

ND

ND

0.001

0.04

Dalapon

ND

ND

ND

0.001

0.2

Dibromochloropropane
(DBCP)

ND

ND

ND

0.0002

0.0002

Dinoseb

ND

ND

ND

0.0002

0.007

Dioxin (2,3,7,8-TCDD)

ND

ND

ND

1x10-8

3x10-8

Diquat

ND

ND

ND

0.005

0.02

Endothall

ND

ND

ND

0.05

0.1

Ethylene dibromide
(EDB)

ND

ND

ND

0.00001

Glyphosate

ND

ND

ND

0.006

0.7

Heptachlor

ND

ND

ND

0.0005

0.0004

Heptachlor epoxide

ND

ND

ND

0.00005

0.0002

Oxamyl (vydate)

ND

ND

ND

0.001

0.2

Pentachlorophenol

ND

ND

ND

0.00004

0.001

Picloram

ND

ND

ND

0.001

0.5

Polychlorinated biphenyls

ND

ND

ND

0.0001

0.0005

Simazine

ND

ND

ND

0.0002

0.004

0.00005

Radioactivity Analysis
Gross Alpha

ND

ND

ND

3pCi/L

15pCi/L

Gross Beta

ND

ND

ND

4pCi/L

50pCi/L

Radium

ND

ND

ND

1

5pCi/L

Uranium

ND

ND

ND

0.001

0.030

ND

Presence

ND

Microbiological Analysis
Total Coliform

ND

ND
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Heterotrophic Plate
Count

ND

ND

ND

1 CFU/ml

No
standard

Cryptosporidium parvum

ND

ND

ND

Presence

No
standard

ND

ND

ND

Presence

Giardia lamblia

No
standard

* Secondary inorganics are classified by the USEPA as Secondary Drinking Water Contaminants,
i.e., aestethic, non-health-related, and non-regulatory.
*The fluoride content of our fluoridated water is equal to 1 mg per 1 Liter of water. The FDA
standards for the fluoride content are as follows: .8 - 1.7 mg per 1 Liter of water

(Diamond Springs Water, n.d.)
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Appendix B
Intensity Level and Percentage Spreadsheet
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Appendix C
Recruitment Flyer for Subjects
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Effect of Temperature on Sensing Intensity of Tastes:
Sweet, Salty and Sour Sensory Study
Graduate student seeking
subjects to participate
in long term sensory study

Treats Provided!!!
Participation will include advanced training on sweet, salty and sour basic
taste intensities. Training sessions will last no longer than 1 hour. Duration
of training is dependent on panelist performance but will last no longer than
2 months. After training concludes, 21 sensory panels will be conducted on
basic tastes or taste combinations. Panels will take approximately 20 minutes
to complete. Sensory evaluation sessions will take place over no longer than
a two month period. Treats will be provided at the end of each sensory panel
for participants.
Requirements:
Over the age of 18
Under the age of 65
Current employee or student
Interest in this sensory study
Availability through out the summer
Non smokers preferred (minimum no smoking 1 hour before)
No coffee 1 hour before training or sensory panels (minimum)
Exclusions:
Diabetes
Hypertension
Hypoglycemia
Chronic Colds or Sinusitis
*Initial screening will be done for those interested in participating. You will be asked to
taste water solutions that are sweet, salty and sour to determine your basic taste acuity as
well as a questionnaire and scaling exercise.
Contact Keri Lipscomb for further information or to set up an initial screening
appointment. E-mail klipsco@clemson.edu or mobile # 256-525-6263
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Appendix D
Information Letter
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Information about Being in a Research Study
Clemson University

Effect of Temperature on Sensing Intensity of Basic Tastes:
Sweet, Salty and Sour

Description of the Study and Your Part in It
Dr. Paul Dawson, along with Keri Lipscomb, is inviting you to take part in a research
study. Dr. Paul Dawson is a professor at Clemson University. Keri Lipscomb is a
graduate student at Clemson University, running this study with the help of Dr. Dawson.
The purpose of this research is to determine if temperature has an affect on the sensing
intensity of set concentrations of sugar, salt and citric acid aqueous solutions, when tasted
by semi-trained sensory panelists. Upon conclusion of the study, these results will be
shared in an academic publication.
Your part in the study will be to undergo sensory training on intensity levels of each the
sweet, salty and sour tastes. Then you will participate in as many as 21 sensory
evaluation panels where the sweet, salty and sour solutions will be served alone or in
combination, at three different serving temperatures. During these sensory panels, you
will be asked to draw on your previous training and identify the intensity level of the
solution.
This is a long term sensory study. The training portion will require multiple sessions,
lasting no longer than 1 hour each. The training will commence when all participants can
correctly identify the intensity level of an unknown sample, consistently. For the sensory
evaluation portion, it will take you approximately 20 minutes to complete each sensory
evaluation.
Risks and Discomforts
We do not know of any risks or discomforts to you in this research study.
Possible Benefits
We do not know of any way you would benefit directly from taking part in this study.
However, this research may help us to understand temperature affect on basic tastes, thus
finding correlations that can be used in numerous food science applications.

96

Incentives
After a panelist participates in a sensory evaluation of a basic taste or combination of
basic tastes, a homemade treat will be provided.

Protection of Privacy and Confidentiality
To insure your privacy and confidentiality participating in this study, you will be
assigned a panelist number during the first training session. For the remainder of the
study you will only be identified by your panelist number. A master list of panelist
numbers and participant names will be kept by the co-investigator in a locked filing
cabinet. The data collected during this study will be stored in a different location from
the master list. We will do everything we can to protect your privacy and confidentiality.
We will not tell anybody outside of the research team that you were in this study or what
information we collected about you in particular.
Choosing to Be in the Study
You do not have to be in this study. You may choose not to take part and you may choose
to stop taking part at any time. You will not be punished in any way if you decide not to
be in the study or to stop taking part in the study.
Contact Information
If you have any questions or concerns about this study or if any problems arise, please
contact Dr. Paul Dawson at Clemson University at 864-656-1138. If you have any
questions or concerns about your rights in this research study, please contact the Clemson
University Office of Research Compliance (ORC) at 864-656-6460 or irb@clemson.edu.
If you are outside of the Upstate South Carolina area, please use the ORC’s toll-free
number, 866-297-3071.

A copy of this form will be given to you.
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Appendix E
Consent Form
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Consent to Participate in a Sensory Study to Determine
Temperature Effects on Sensing Intensity of Basic Tastes:
Sweet, Salty and Sour

The purposes of the sensory study, the nature and scope of the training procedures, and
the sensory evaluation process have been explained to me.
I consent to take part in this sensory study about temperature effect and basic tastes. I
also consent to allow my training performance to be discussed openly during training
sessions with other participants.
My participation in the study to determine temperature affects on sensing intensity of
these three tastes is voluntary. I understand that I am free to leave the study at any time.
None of my experiences, thoughts or opinions will be shared with anyone outside of
sensory study research team unless all identifying information is removed first. The
information that I provide during the sensory study will be grouped with answers from
other people so I cannot be identified. I understand the steps that will be taken to protect
my identity and realize that this protection will be provided within reasonable measures.

_____________________________________
Please Print Your Name

________________________
Date

_____________________________________
Please Sign Your Name

_____________________________________
Witness Signature
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________________________
Date

Appendix F
Demographic Information Form
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Panelist Number: ______________________

Date: ______________________________

Demographic Information
Please provide the following information for demographic purposes.

Sex:
____ Female
____ Male

Age:

________

Ethnicity:
_____ American Indian or Alaska Native
_____ Asian
_____ Black or African American
_____ Hispanic or Latino
_____ Native Hawaiian or Other Pacific Islander
_____ White

Cigarette Use:
_____ Non Smoker
_____ Smoker
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Appendix G

Screening Questionnaire
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Screening Questionnaire for Flavor Panel
Name: ________________________________________
Campus Location: _______________________________
Preferred Method of Contact (mobile phone, e-mail): _____________________________
Mobile Phone Number: _______________________________
E-mail Address: _____________________________________
Time:
Are there any weekdays (M-F) that you will not be available on a regular basis?
_______________________________________________________________________
Are there any times that you will not be available on a regular basis?
________________________________________________________________________
What time of day would you prefer to attend training and/or panel evaluations? Mid
morning or mid to late afternoon? ____________________________________________
Do you have vacation scheduled or plan to schedule vacation from May 23 through
September 1? ___________________ If yes, please provide dates of vacation if possible.
_______________________________________________________________________
Health:
Do you have any of the following:
Dentures ____________________________
Diabetes ____________________________
Hypertension ________________________
Hypoglycemia _______________________
Oral or Gum Disease __________________
Chronic colds or sinusitis _______________
Do you take any medications which affect your senses, especially taste and smell?
____________________________________
Food Habits:
Do you have any food allergies? _________________
If yes, please provide allergies. ______________________________________________
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Please share any diet restrictions you have such as vegetarian or Kosher.
________________________________________________________________________
What are your favorite foods? _______________________________________________
What are your least favorite foods or food items?
________________________________________________________________________
Do you feel that you eat large amounts of sugary foods? __________________________
Do you feel that you eat large amounts of salty foods? ____________________________
Please indicate your ability to distinguish smell and tastes on the table below.
Smell

Taste

Better than average
Average
Worse than average
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Appendix H
Basic Taste Recognition Form
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Name: ______________________________

Date: _______________________________

Basic Taste Recognition
Please taste each of the solutions in the order presented on the tray from left to right. The
solutions may taste sweet, sour, salty or none of the above. Write the code number of
sample under the code heading and then indicate the taste of the solution under the taste
heading. Water is provided to rinse your mouth before you begin and in between each
sample. Unsalted crackers are also provided should you need to cleanse your palate
between samples. An expectorant cup is available to dispose of samples after tasting.

Code

Taste

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________
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Appendix I
Intensity Ranking Form

107

Name: _____________________________

Date: ______________________________

Intensity Ranking of Basic Tastes
Please taste each of the solutions on the tray in the order presented on the tray from left to
right and then top to bottom. Each row will represent one of the basic tastes of sweet,
salty or sour at different concentrations. Taste all three samples in the row and then rate
them from weakest (1) to strongest (3). You can go back and taste the concentrations
within a row if necessary but please rate that set before moving on to the next taste (row).
Please indicate which of the basic taste set you are scoring under the taste heading.
Under the code heading write the code number of the sample you taste and then under the
rank heading write the rank of 1, 2 or 3. Water is provided to rinse your mouth before
you begin and in between each sample. Unsalted crackers are also provided should you
need to cleanse your palate between samples or sample sets. An expectorant cup is
available to dispose of samples after tasting.
Taste

Code

Rank

_________________
_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

__________________

_________________

_________________
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Appendix J
Scaling Exercise Form
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(Meilgarrd et al., 2007)
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Appendix K
Sensory Training and Panel Guidelines
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Sensory Training and Panel Guidelines
- Please be prompt for training sessions or sensory panels.
- Refrain from smoking and/or drinking coffee at least 1 hour before training
or panels.
- Try not to eat or drink, other than water, 30 minutes before training or
panels.
- Do not wear heavy perfumes or perfumed items to training sessions or
sensory panels. This can interfere with your and other’s ability to identify
samples.
- If you have any illness that will affect your ability to taste such as a cold,
stomach illness or sinusitis, please notify the training or panel facilitator as
soon as possible.
- Read all instructions carefully and follow them to the best of your ability.
- Please refrain from discussing your observations, answers, preferences etc.
with the group as it could interfere with other’s perception.
- Attendance of training sessions and sensory panels are very important to
this study and while it is not feasible for everyone to make each session,
participants should do their best to attend and to let the facilitator know so
other arrangements can be made.
- If you have any questions throughout the training or during panels, please
ask for clarification so that you understand fully all procedures and
concepts.
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Training Ballot
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Panelist Number: _______________
Date: ________________
Salty Training Exercise Day 7
Your reference sample is indicated on the line scales below. After sampling the reference, taste no more
than half of your first sample starting at the left and moving to the right. Write the sample number, the
intensity you perceive it to be, and indicate on the 15 point line scale where this sample is located using a
labeled tic mark. Do not go back and retaste the reference samples. Do not go back and forth
between samples.

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF
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Appendix M
Training Ballot featuring Triangle Test
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Panelist Number: _______________

Date: ________________

Sour Training Exercise Day 10
Part I
Taste the sample marked REF. The REF sample is marked on the line scale before to indicate intensity.
After sampling the reference, move onto the five samples provided. Write the sample number, the intensity
you perceive it to be, and indicate on the 15 point line scale where this sample is located using a labeled tic
mark. Do not go back and retaste the reference samples. Do not go back and forth between the
samples.

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF

Sample # __________
Intensity level __________

Actual Intensity level __________

REF
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Panelist Number: _______________
Date: ________________
Sour Training Exercise Day 10
Part II
Please taste the samples provided from left to right using the tasting procedure before each sample. After
tasting, indicate below which sample is different from the two identical samples. You may taste the
samples as many times as you need. If no difference is apparent, you must guess.

Sample Codes
____________

_____________

_____________

Which is the odd sample?
____________
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Appendix N
Sensory Panel Schedule for Subjects
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Appendix O
Ballot for Salty Basic Taste Evaluation
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Welcome to the Salty Basic Taste Panel

Instructions
* Read all instructions carefully and follow them closely.
* You MUST clean your palate with a portion or all of an unsalted cracker and a sip of
water before EACH sample, including the reference sample(s).
* You will only be given one sample at a time so it will be necessary to press the buzzer
when you are ready for your next sample. There is a forced wait time of 1 minute
between samples.
* The reference sample(s) will be given to first and this reference will be indicated on
each line scale.
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Panel Objective
Taste the samples provided, and using your training on the intensities of the basic tastes,
indicate the PERCEIVED intensities of each sample.
Your objective is NOT to determine ACTUAL intensity.
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Please taste the reference in front of you. This reference will be indicated on each of the
line scales. Observe where this reference is located on the line scale below. Once you
have tasted the reference(s) and viewed its location, please press the buzzer for your first
sample.

0

REF

15

Sample 612
Taste the sample provided and then rate the PERCEIVED intensity on the scale below.
To rate the intensity draw a tic mark and label with the sample number where this sample
would fall on the line scale below. Please press the buzzer when you are ready for your
next sample.

0

REF

15

Sample 712
Taste the sample provided and then rate the PERCEIVED intensity on the scale below.
To rate the intensity draw a tic mark and label with the sample number where the sample
would fall on the line scale below. Please press the buzzer when you are ready for your
next sample.

0

REF

15

Sample 916
Taste the sample provided and then rate the PERCEIVED intensity on the scale below.
To rate the intensity draw a tic mark and label with the sample number where the sample
would fall on the line scale below. Please press the buzzer when you are ready for your
next sample.

0

REF

15
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Thank you for participating!
Please be sure to take a snack after
completing the evaluation.
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Appendix P
Ballot for Sweet/Sour Basic Taste Combination
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Welcome to the Sweet/Sour Combination Basic Taste Panel

Instructions
* Read all instructions carefully and follow them closely.
* You MUST clean your palate with a portion or all of an unsalted cracker and a sip of
water before EACH sample, including the reference sample(s).
* You will only be given one sample at a time so it will be necessary to press the buzzer
when you are ready for your next sample. There is a forced wait time of 1 minute
between samples.
* The reference sample(s) will be given to first and this reference will be indicated on
each line scale.
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Panel Objective
Taste the samples provided, and using your training on the intensities of the basic tastes,
indicate the PERCEIVED intensities of each sample.
Your objective is NOT to determine ACTUAL intensity.
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DO NOT taste the references together. You must taste each separately.
Please taste the reference in front of you. This reference will be indicated on each of the
line scales. Observe where this reference is located on the line scale below. Once you
have tasted the reference(s) and viewed its location, please press the buzzer for your first
sample.
Sweet Reference

0

SW REF

15

SO REF

15

Sour Reference

0

Sample 542
Taste the sample provided and then rate the PERCEIVED intensity on the scale below.
To rate the intensity draw a tic mark and label with the sample number where this sample
would fall on the line scale below. Please press the buzzer when you are ready for your
next sample.

Sweet Intensity

0

SW REF

15

SO REF

15

Sour Intensity

0
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Sample 256
Taste the sample provided and then rate the PERCEIVED intensity on the scale below.
To rate the intensity draw a tic mark and label with the sample number where the sample
would fall on the line scale below. Please press the buzzer when you are ready for your
next sample.
Sweet Intensity

0

SW REF

15

SO REF

15

Sour Intensity

0

Sample 836
Taste the sample provided and then rate the PERCEIVED intensity on the scale below.
To rate the intensity draw a tic mark and label with the sample number where the sample
would fall on the line scale below. Please press the buzzer when you are ready for your
next sample.
Sweet Intensity

0

SW REF

15

SO REF

15

Sour Intensity

0
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Thank you for participating!
Please be sure to take a snack after
completing the evaluation.
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